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ABSTRACT 


This  report  gives  lighting  criteria  and  lighting -system 
design  methods  for  illuminating  small-shelter  interiors 
effectively.  It  summarizes  the  amounts  of  light  (quantity) 
currently  recommended  for  representative  visual  tasks,  as 
well  as  the  practices  for  controlling  light  (quality). 

Then,  to  show  how  these  lighting-design  methods  are 
actually  applied,  it  describes  a  lighting  system  designed  for 
the  proposed  control  cab  of  a  mobile  low -power  nuclear 
power  plant.  This  lighting  system  was  evaluated  by  making 
a  lighting  survey  in  a  control-cab  mock-up.  The  results 
showed  the  system  satisfied  die  lighting  criteria  established 
for  die  shelter. 
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LIGHTING  SMALL-SHELTER  INTERIORS: 


CRITERIA  AND  AN  EXAMPLE 


PART  I:  UGH  TING  CRITERIA  AND  DESIGN  METHODS 


INTRODUCTION 


More  and  more  small  shelters  —  and  more  kinds  of  small  shelters  —  are 
appearing  in  military  systems,  as  well  as  commercial  and  private  applications. 

These  shelters  generally  house  equipment  --  electrical  and  pneumatic  test  equipment 
for  missile  systems ,  control  equipment  for  small  nuclear  power  plants  and  missile 
systems,  communication  equipment,  etc. 

Yet  these  small  shelters  do  not  always  provide  adequate  lighting  for  operators 
and  maintenance  personnel  to  use  their  equipment  effectively.  This  report  examines 
factors  to  consider  and  gives  procedures  for  designing  adequate  lighting  systems  for 
small  shelters.  As  an  example.  Part  II  shows  how  these  design  methods  were  used 
in  evaluating  lighting  for  a  proposed  shelter  containing  the  control  equipment  for  a 
U.  S.  Army  Mobile  Nuclear  Power  Plant.  However,  while  these  methods  have 
general  applicability,  this  report  obviously  cannot  solve  all  possible  lighting  problems 
in  every  small  shelter. 
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TABLE  1 


Levels  of  Illumination  Currently  Recommended  for  Specific  Visual  Tasks 


Work  Area  or  task  rootcanriies  on  Task* 

Assembly  and  Repair 

Rough  easy  seeing  (installing  chassis  in  rack) 

30 

Rough  difficult  seeing  (component  replacement) 

50 

Medium  (soldering  wires  to  a  connector) 

100 

Pine  (electronic  micromodules) 

500 

Bench  Work 

Rough  easy  seeing 

30 

Rough  difficult  seeing 

50 

Medium 

100 

Pine 

500 

Control  Rooms 

50 

Console  Surfaces  and/or  Panels 

50 

Dials,  Gages,  Meters  and  Scales*3  (on  face) 

50 

Equipment  Racks  and  Panels 

30 

Emergency  Lighting* 

3 

Inspection 

Ordinary 

50 

Difficult 

100 

Very  difficult 

500 

Office  Work 

Cartography  and  detailed  drafting. 

200 

Accounting,  auditing,  tabulating,  bookkeeping,  business  machine 

operation,  reading  poor  reproductions  and  rough  layout  drafting. 

150 

Regular  office  work  -  -  reading  good  reproductions,  reading  or 
transcribing  handwriting  in  hard  pencil  or  on  poor  paper, 

active  filing,  etc . 

100 

Reading  or  transcribing  handwriting  in  ink  or  medium  pencil  on 

good  quality  paper  and  intermittent  filing. 

70 

Reading  high -contrast  or  well-printed  material,  tasks  and  areas  not 

involving  critical  or  prolonged  seeing,  such  as  conferring  and  interviewing. 

30 

Testing 

General 

50 

Electrical  equipment  or  equivalent 

100 

Radar  Displays  (plan  position  indicator) 

0.1d 

Switch  Boards 

50 

Information  Boards 

50 

Teletype  Machines 

150 

a  Minimum  on  task  at  any  time. 

b  A  steel  scale  with  1/64 -inch  divisions  requires  180  footcandles  of  light  for  easy  reading. 
c  Level  measured  30  inches  above  floor. 

d  Maximum  on  task  at  any  time  for  cathode -ray  tube  using  P7  phosphor  (3). 
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LIGHTING  CRITERIA 


Quantity  of  Light 

Before  designing  a  lighting  system,  the  designer  must  know  how  much  light 
(illumination  level  in  footcandles)  specific  visual  tasks  require.  The  more  severe 
the  visual  task  is,  the  more  illumination  it  requires.  For  example,  a  dimly  lighted 
hallway  provides  enough  light  to  place  a  key  in  a  keyhole  but  not  enough  to  thread  a 
needle . 

Current  illumination  levels  recommended  for  specific  visual  tasks  are  found  in 
various  publications  (Ref.  3,  pp  35  to  40;  Ref.  5,  p  103;  Ref.  8,  pp  9-49  to  9-63). 
Table  1,  based  on  these  recommended  illumination  levels,  shows  the  minimum 
illumination  levels  required  for  most  of  the  specific  visual  tasks  encountered  in 
small  shelters.  A  small  shelter  may  be  defined  as  one  whose  three  dimensions 
produce  a  room  ratio  of  2.24  or  less  (explained  in  greater  detail  in  the  section  on 
Lighting-System  Design).  Regardless  of  the  shelter’s  size,  specific  visual  tasks 
determine  the  illumination  levels  required.  The  recommended  quantity  of  light 
should  be  provided  at  the  point  and  in  the  horizontal,  vertical,  or  intermediate  plane 
where  the  visual  task  is  performed. 

In  several  applications  the  visual  tasks  will  vary  from  those  requiring  high 
illumination  levels  (100  footcandles  or  more)  to  those  requiring  low  illumination 
levels  (30  footcandles  or  less).  To  satisfy  a  wide  range  of  illumination  levels 
required  for  visual  tasks  in  a  single  application,  the  lighting  system  should  have  a 
dimming  capability  (discussed  further  in  the  Lighting -System  Design  section). 

Various  illumination  levels  are  required,  for  example,  in  a  shelter  where  radar 
operators  monitor  cathode -ray -tube  displays  and  perform  maintenance  on  the  equip¬ 
ment.  Maintenance  will  require  more  light  than  monitoring  the  displays.  However, 
if  cost  or  other  factors  make  such  a  design  impossible,  the  lighting  system  should 
provide  a  constant  illumination  level  that  best  accommodates  the  most  critical 
visual  tasks  --  such  as  monitoring  displays  in  a  radar  van  -  -or  the  tasks  performed 
most  frequently,  if  no  task  is  especially  critical.  Sometimes  visual  tasks  are 
performed  at  various  workplane  heights  within  the  shelter.  In  these  complex  cases 
where  a  single  lighting  system  cannot  provide  adequate  illumination  over  the  total 
work  area,  there  should  be  additional  lights  to  supplement  the  general  room  lighting. 
A  variety  of  lighting  components  can  be  used  for  supplementary  lighting:  spots, 
dial  lamps,  fluorescent  panels,  and  trans -illuminated  scales,  controls  and  indicators. 
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1  Recommended  Surface  Reflectances  for  Interior  Surfaces 


Surface 

Percent  Surface  Reflectance4 

Ceilings 

80-90 

Walls 

40-60 

Floors 

Not  less  than  20 

Work  surfaces,  desk  and  bench 
tops,  machines,  equipment  panels 
and  racks 

25-45 

a  Percent  of  surface  reflectance  is  the  ratio  of  reflected  light  (foot -Lamberts)  to 
the  incident  light  (footcandles)  falling  on  the  surface,  i.e.,  percent  reflectance  = 
foot -Lamberts  ^gO) 
footcandles 
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Quality  of  Light 

Users  must  have  a  certain  minimum  amount  of  light  to  perform  visual  tasks 
at  all.  But  given  this  minimum  intensity,  the  most  important  factor  is  quality  of 
illumination.  Variables  such  as  glare,  contrast  or  luminance  ratio,  color, 
distribution,  and  diffusion  all  affect  the  visual  environment  compatibility  with 
efficient  visual  performance. 

Glare 


Glare  is  relatively  bright  light  shining  into  an  observer's  eyes  from  a 
relatively  dim  visual  field  he  is  attempting  to  observe.  His  eyes  adjust  to  the 
brighter  light,  thus  reducing  the  field's  visibility;  and  the  stress  of  trying  to  see 
the  field  despite  the  brighter  glare  makes  visual  performance  uncomfortable  and 
inefficient.  Glare  may  be  either  direct  or  reflected. 

Direct  Glare 

An  artificial  or  natural  light  source  within  the  visual  task  field  produces 
direct  glare.  There  are  several  ways  to  control  direct  glare: 

a.  Removing  light  sources  from  a  cone  60  degrees  above  and 
below  and  to  the  right  and  left  of  the  normal  line  of  sight.* 

b.  Selecting  luminaires  which  meet  recommended  average 
luminances  and  average -to -maximum  luminance  ratios. 

c.  Brightening  the  area  around  the  glare  source. 

d.  Using  several  less -intense  light  sources,  rather  than  a  few 

intense  ones. 

Well -designed  lighting  fixtures  can  do  much  to  reduce  direct  glare. 

Direct  glare  should  not  be  a  problem  with  fluorescent  lighting  systems 
giving  up  to  100  footcandles  of  average  illumination  provided  that  (a)  the  surface 
reflectances  comply  with  Table  2,  and  (b)  the  luminaires  meet  recommended  criteria 
(Appendix  A,  pp  11-2  to  11-5)  for  crosswise  and  endwise  average  luminance  distri¬ 
butions  as  well  as  average -to -maximum  luminance  ratios.  Incandescent  luminaires, 
which  generally  have  about  one -fourth  the  area  of  a  fluorescent  luminaire,  may  have 
twice  the  average  luminance  values  the  criteria  recommend  for  fluorescent  luminaires . 


*  Orientation  of  normal  line  of  sight  is  from  the  eye  to  the  visual  task  area. 


5 


TABLE  3 


Recommended  Maximum  Luminance  Ratios  for  Shelter  Interiors 


Environmental  Classification 

A 

B 

C 

Condition 

1:3 

1:3 

1:5 

Between  tasks  and  adjacent  lighter 
surroundings. 

3:1 

3:1 

5:1 

Between  tasks  and  adjacent  darker 
surroundings . 

10:1 

20:1 

Nph 

Between  tasks  and  more  remote  darker 
surfaces. 

1:10 

1:20 

NP 

Between  tasks  and  more  remote  lighter 
surfaces. 

20:1 

NP 

NP 

Between  luminaires  and  surfaces 
adjacent  to  them . 

40:1 

NP 

NP 

Between  the  immediate  work  area  and 
the  remainder  of  the  environment. 

a  A  —  Interior  areas  where  reflectances  of  entire  space  can  be  controlled. 
B  —  Areas  where  reflectances  of  immediate  work  area  can  be  controlled 
but  control  of  remote  surroundings  is  limited. 

C  —  Areas  where  it  is  completely  impractical  to  control  reflectances  and 
difficult  to  alter  environmental  conditions . 

k  Luminance  ratio  control  not  practical. 


Somtimes  it  is  impossible  to  avoid  sources  of  direct  glare  within  the 
60-degree  cone.  Such  sources  can  be  tolerated,  however,  if  they  are  not  more  than 
five  times  as  bright  as  the  surrounding  area  (Table  3  and  Luminance  Ratio  section). 

If  supplementary  lighting  sources  produce  direct  glare,  a  low-luminance  diffuser, 
hood  or  visor  can  prevent  direct  rays  of  light  from  entering  die  eye. 

Reflected  Glare 

Reflected  glare  is  a  reflection  of  a  light  source  within  the  visual  field. 
For  example,  a  console  operator  may  see  the  image  of  a  light  source  reflected  from 
the  protective  glass  of  a  meter.  Reflected  glare  is  controlled  by: 

a.  Diffusing  reflected  light  with  matte  (non -glossy)  finishes  on  the 
visual  task  area  and  its  surroundings . 

b.  Using  materials  and  colors  which  increase  the  luminance  of  the 
field  surrounding  the  glare  source. 

c.  Locating  work  surfaces  with  respect  to  the  light  sources  so  that 
unwanted  light  is  reflected  away  from  the  observer’s  eyes  (existing  surfaces  may  be 
checked  by  moving  a  mirror  along  die  surfaces). 

d.  Changing  the  character  of  a  surface  to  eliminate  a  specular 
(mirror -like)  reflection  and  the  resulting  reflected  glare. 

e.  Using  low -luminance  luminaires. 

If  it  is  not  possible  to  observe  these  recommendations,  die  reflected  luminance  of 
the  light -source  image  should  not  exceed  350  foot -Lamberts. 


TAiminance  Ratio 

Luminance  ratio  is  the  luminance  of  surroundings  relative  to  the  visual  task 
area  or  other  specified  surfaces .  To  allow  the  eyes  to  function  comfortably  and 
efficiently,  luminance  ratios  should  be  kept  within  the  limits  given  in  Table  3 
(Ref.  5,  p  103).  These  recommended  limits  will  be  met  if  the  surface  reflectances 
comply  with  Table  2  and  recommendations  for  controlling  glare  have  been  observed. 
If  ambient  illumination  must  be  dimmed,  any  legend  lights  and  illuminated  displays 
on  the  equipment  should  also  be  dim m able  to  keep  luminance  differences  between  the 
lights,  displays,  and  adjacent  surfaces  within  the  recommended  luminance  ratios  in 
Table  3. 
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TABLE  4 


Recommended  Paint  Colors  for  Interior  Surfaces 


Surface 

Federal  Standard  No.  595 

Color  Number* 

Color 

Ceiling 

27875b 

White 

Walls 

24410,  24533,  34410 

Green 

Floor 

36118,  26231,  36231 

Gray 

Equipment  Racks,  Cabinets, 
and  Console  Exteriors 

24410 

Green 

Equipment  Panels  and 

Console  Panels 

26492,  26373,  36492,  26307 

Gray 

Handles  and  Lettering 

37038 

Black 

a  Color  numbers  24533,  34410,  26231,  36231,  26373,  36492,  and  26307  do  not 
comply  with  AR  746-5;  however,  they  are  satisfactory  for  commercial  equipment. 

b  Recommended  for  applications  where  visual  tasks  require  50  footcandles  or  more 
of  ambient  illumination;  otherwise,  24410  may  be  used. 
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Color 


The  colors  used  on  interior  surfaces  will  establish  surface  reflectances  and 
luminance  ratios;  therefore,  it  is  important  to  use  those  colors  which  provide 
surface  reflectances  and  luminance  ratios  within  the  limits  stated  in  Tables  2  and  3. 
Colors  which  satisfy  the  criteria  of  Tables  2  and  3  are  listed  in  Table  4. 

Paragraph  46e  of  AR  746-5  (2)  states  that  commercial  items  originally  procured 
in  non-standard  colors  will  be  maintained  in  those  colors.  But  when  they  must  be 
painted,  standard  colors  will  be  used.  The  colors  given  above  are  examples;  many 
other  available  colors  also  satisfy  the  criteria  in  Table  2. 


Distribution  and  Diffusion 

Proper  light  distribution  and  diffusion  will  aid  in  minimizing  shadows  in  the 
visual  environment.  Distribution  of  light  (uniformity)  is  considered  satisfactory 
if  the  maximum  and  minimum  values  of  illumination  in  the  room  are  within  17  percent 
of  the  average  illumination  level*  (Ref.  8,  p  9-16).  For  example,  the  horizontal 
footcandles  measured  at  a  point  in  front  of  an  equipment  rack  may  be  42  footcandles, 
and  the  horizontal  footcandles  measured  on  a  console  desk  may  be  58  footcandles. 

If  the  average  illumination  is  50  footcandles,  the  uniformity  is  satisfactory.  To  get 
satisfactory  distribution,  luminaires  must  be  mounted  within  their  recommended 
spacing-to -mounting  height  ratios  -  -  generally,  it  is  desirable  to  space  them  closer 
together  than  these  limits  -  -  and  supplementary  luminaires  should  be  provided  for 
visual  task  areas  which  are  shaded  from  the  ambient  lighting  system.  Shadows  are 
reduced  if  the  light  is  diffused  and  comes  from  several  directions .  Properly  dis  - 
tributed  and  diffused  light  will  help  to  reduce  luminance  ratios . 


*  Measurements  must  be  taken  on  the  same  workplane . 
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TABLE  5 


Comparison  of  Fluorescent  and  Incandescent  Lighting  Sources 
in  Identical  Installations  Providing  Equal  Footcandles 


Design  Factors 

Fluorescent 

Incandescent 

Initial  cost  (installation) 

Higher 

Lower 

Operating  cost 

Lower 

Higher 

Efficacy 

More  lumens  per  watt 
30-80  lumens/watt 

Less  lumens  per  watt 

10-23  lumens/watt 

Distribution  and 
diffusion  of  light 

per  luminaire 

Better 

Poorer 

Power  required 

Less 

More 

Lamp  life 

Longer  (7-18  times 
life  of  incandescent) 

Shorter  (approximately 

1000  hours  per  lamp) 

Generates  radio -frequency 

interference 

Yes 

No  (essentially  nonexistent) 

Radiant  heat  generated 

Less 

More 

Environmental  stress 

Lower  reliability  in 
extreme  temperature 
and/or  vibration. 

Less  light  output 
outside  optimum 
temperature  range 
(40-110°  F.) 

Withstands  more  environ¬ 
mental  stress  (temperature 
extremes,  vibration,  shock) 

Recommended  use 

General  lighting 
where  space  is 
relatively  ample  and 
environment  is 
controlled. 

General  lighting  where 
extremes  of  environment 
are  encountered  and  where 
space  is  limited. 
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LIGHTING-SYSTEM  DESIGN 


The  first  steps  in  designing  a  lighting  system  are  identifying  the  visual  tasks 
that  must  be  done  and  determining  die  amount  of  light  these  tasks  require.  Table  1 
shows  the  minimum  values  required  for  tasks  done  in  most  shelter  interiors.  If 
illumination  requirements  vary  greatly,  it  is  usually  most  practical  to  select  an 
average  illumination  level  that  will  be  reasonably  uniform  throughout  the  shelter; 
this  average  illumination  level  should  usually  be  chosen  by  compromising  what  is 
required  for  the  tasks  that  require  the  most  light  and  the  tasks  that  are  performed 
most  frequently.  The  lighting-system  design  is  then  detailed  from  the  procedures 
below. 


Selecting  Lighting  Sources 

The  preferred  light  sources  for  interior  lighting  are  incandescent  and 
fluorescent.  The  choice  depends  largely  on  economic  and  environmental  factors 
(Table  5). 


Performing  Lighting  Calculations 
Interior  Illumination  Level 

The  Lumen  Method  of  calculation  is  used  most  frequently  to  find  how 
many  lamps  or  luminaires  are  required  for  a  given  illumination  level  (i.e.,  the 
average  of  all  points  on  an  interior  workplane).  The  Lumen  Method  is  based  on 
the  footcandle,  defined  as  one  lumen  per  square  foot;  that  is, 

Footcandles  =  lumens _  (1) 

area  in  square  feet 

But  not  all  of  the  lumens  the  lamp(s)  generate  can  reach  the  workplane, 
because  of  losses  in  the  luminaire  and  at  the  interior  surfaces,  so  the  lamp  lumens 
must  be  multiplied  by  a  coefficient  of  utilization  (CU);  that  is, 

lumens  reaching  specified  work 
surface,  both  directly  from  lumi- 

Coefficient  of  Utilization  =  naire  and  by  interreflection _  (2) 

lumens  generated  by  the  lamps 

Equation  (1)  then  becomes: 

Footcandles  =  lamn  lumens  x  CU  (3) 

area  in  square  feet 
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While  equation  (3)  gives  the  initial  illumination  level  for  a  new  installation, 
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average  illumination  level.  Thus  other  factors  must  also  be  considered,  to  account 
for  progressively  degraded  lamp  c„ .  put  and  light  losses  from  dirt  that  collects  on  the 
luminaire  surfaces.  Equation  (3)  becomes: 


Maintained  Footcandles  =  lamp  lumens  x  CU  x  LLP  x  LDP  (4) 

area  in  square  feet 


where: 


CU  =  Coefficient  of  utilization 

LLD  =  Lamp  lumen  depreciation  factor 

LDD  =  Luminaire  dirt  depreciation  factor 

Because  a  luminaire  consists  of  lamps,  supporting  structure  and  diffuser, 
equation  (4)  may  be  written  in  more  useful  forms: 

Lamp  Lumens  =  maintained  footcandles  x  area  in  square  feet  (5) 

CU  x  LLD  x  LDD 


or 


Luminaires  =  maintained  footcandles  x  area  in  square  feet  (6) 
lamps  per  luminaire  x  lumens  per  lamp 
x  CU  x  LLD  x  LDD 


Calculating  the  Coefficient  of  Utilization 

The  actual  CU  will  depend  on  the  specific  luminaire  that  is  selected;* 
however,  the  CU  can  be  estimated  from  data  in  Appendix  A,  Figures  9-3  to  9-5. 

The  first  step  is  calculating  cavity  ratios  for  the  ceiling  cavity,  room  cavity,  and 
floor  cavity  by  using  this  formula: 

Cavity  Ratio  =  5h  (room  length  +  room  width)  (7) 

room  length  x  room  width 


*  For  each  commercially  available  luminaire,  specific  photometric  data  are  supplied 
for  obtaining  the  CU. 
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where: 


h  =  for  the  room  cavity  ratio 
=  h^Q  for  the  ceiling  cavity  ratio 
=  hpc  for  the  floor  cavity  ratio 

The  values  for  h^Q,  h^Q,  and  hp^  are  the  vertical  heights  from  luminaire 
plane  to  workplane,  luminaire  plane  to  ceiling,  and  workplane  to  floor,  respectively. 
The  floor  and  ceiling  cavity  ratios  are  also  equal  to: 

hpp  hpp 

FCR  =  RCR  r—  and  CCR  =  RCR  ~- 

hRC  hRC 

The  second  step  is  determining  the  effective  Ceiling  (^cc)  and  Floor  (^pc)  cavity 
reflectances  (Appendix  A,  Fig.  9-3).  Except  when  estimating  initial  illumination,  use 
expected  maintained  ceiling,  floor,  and  wall  reflectances  to  determine  the  effective 
cavity  reflectances.  Since  most  small  shelters  have  ceiling-mounted  luminaires,  the 
Ceiling  Cavity  Ratio  is  zero,  and  the  ceiling  reflectance  may  be  used  as  the  effective 
Ceiling  Cavity  reflectance . 

The  last  step  uses  the  values  from  steps  1  and  2  with  Appendix  A, 

Figure  9-4,  to  get  the  approximate  CU.  Interpolation  is  usually  necessary  to  find  the 
CU  for  the  exact  Room  Cavity  Ratio.  Figure  9-4  in  Appendix  A  gives  coefficients  of 
utilization  for  various  representative  types  of  luminaires;  therefore,  it  is  essential 
to  use  the  coefficient  for  the  luminaire  most  like  the  one  that  will  actually  be  used  in 
the  shelter.  After  a  specific  luminaire  has  been  selected,  the  photometric  data 
accompanying  it  will  give  the  actual  CU,  which  is  then  substituted  into  equation  (5)  to 
find  how  many  lamp  lumens  are  required.  Because  the  Zonal  Cavity  Method  for  calcu¬ 
lating  the  CU  is  relatively  new,  photometric  data  for  luminaires  may  provide  the  CU 
in  terms  of  Room  Index,  which  has  been  in  use  for  some  time,  rather  than  in  terms 
of  RCR.  Room  Index  is  calculated  from  Table  6  and  the  equation: 

Room  Ratio  = _ width  x  length  _  (8) 

mounting  height 

of  luminaire  x  (width  +  length) 
above  workplane 

The  coefficients  of  utilization  assume  empty  interiors;  therefore  if  the 
shelter's  interior  configuration  makes  it  smaller  or  irregular,  these  reductions  in 
room  volume  and  workplane  must  be  considered  in  calculating  cavity  ratios .  For 
purposes  of  calculating  cavity  ratios,  items  such  as  equipment  racks,  work  benches, 
and  storage  cabinets  do  not  effectively  reduce  the  room  dimensions . 
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TABLE  6 


Room  Ratio  Ranges  and  Room  Index* 


Room  Index 

Room  Ratio  Range 

A 

More  than  4 .  SO 

B 

3.50  to  4.50 

C 

2.75  to  3.49 

D 

2.25  to  2.74 

E 

1.75  to  2.24 

F 

1.38  to  1.74 

G 

1.12  to  1.37 

H 

0.90  to  1.11 

I 

0.70  to  0.89 

J 

Less  than  0.70 

a  Adapted  from  Westinghouse  Lamp  Division  (11). 


For  irregular  rooms,  the  RCR  can  be  calculated  as  foiiows: 


RCR  =  2.5  x  wall  area  of  room  cavity 
workplane  area 


(9) 


Determining  LLD  and  LDD  Factors 

Lamp  lumen  depreciation  is  caused  ny  aging.  The  amount  of  depreciation  can 
be  determined  from  manufacturers'  performance  data.  The  LLD  factor  compares 
the  lamp’s  output  when  new  and  when  due  for  replacement  according  to  a  lamp- 
replacement  schedule.  Figure  9-6  in  Appendix  A  gives  an  average  of  manufacturers' 
data  for  several  frequently  used  lamps  at  70  percent  of  rated  average  life .  For 
example,  the  LLD  for  a  fluorescent  rapid-start  430-milliampere  cool  white  lamp  is 
0.87  for  six  hours  per  start. 

Luminaire  dirt  depreciation  arises  from  dirt  that  collects  on  tbs  luminaire  and 
its  components .  Luminaires  are  classified  into  six  different  categories  by  their 
characteristics  of  attracting  and  retaining  dirt.  Use  Figures  9-7  and  9-8  in  Appendix  A 
to  calculate  the  LDD  factor.  For  example,  a  luminaire  in  category  5  operating  in  a 
clean  environment  and  cleaned  once  a  year  has  an  LDD  of  0.88. 

After  determining  the  CU,  LLD,  and  LDD  factors,  solve  equation  (5)  to  determine 
the  lamp  lumens  required  to  maintain  the  average  illumination  level. 

There  are  point -by-point  methods  for  calculating  illumination  levels  at  specific 
points;  unfortunately,  they  are  not  usually  valid  for  calculating  illumination  levels  in 
small  shelters,  because  the  distance  from  the  point  to  the  lighting  source  is  usually 
less  than  five  times  the  luminaire's  maximum  dimension.  But  if  these  methods  are 
applicable,  see  the  procedures  in  the  4th  edition  of  the  IES  Lighting  Handbook  (pages 
9-21  to  9-26). 


Interior  Luminance  (Brightness)  Levels 

The  luminances  of  surfaces  in  the  visual  environment  must  be  determined  to 
ensure  good  visual  performance  and  comfort.  The  average  luminance  levels  of 
ceiling  and  walls  are  calculated  as  follows: 

a .  Calculate  the  Room  Cavity  Ratio . 

b.  Determine  percent  wall  reflectance  and  effective  ceiling  cavity  reflectance. 
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c.  From  Figure  9-34  in  Appendix  A  find  the  wall  and  ceiling  cavity 
luminance  coefficients  for  the  type  of  luminaire  distribution  that  will  be  used . 

d.  Use  the  following  relationships  to  calculate  the  luminance  of  the  wall 
and  ceiling  cavities: 


total  lamp  lumens  x 

Average  Initial  Wall  Luminance  =  wall  luminance  coefficient  (10) 

floor  area 

Average  Initial  Ceiling  total  lamp  lumens  x 

Cavity  Luminance  =  ceiling  luminance  coefficient  (11) 

floor  area 


The  Lumen  Method  assumes  that: 

a .  Luminaires  are  located  so  they  will  distribute  light  reasonably 

uniformly. 


b.  Coefficients  of  utilization  are  based  on  empty  Interiors.  Interiors 
with  extensive  vertical  obstructions  may  simulate  a  smaller  room  and,  thus,  require 
a  different  CU. 


c.  Luminaires  are  installed  so  they  provide  their  rated  output.  Variables 
such  as  line  voltage,  unseasoned  lamps,  and  temperature  may  cause  discrepancies 
between  measured  and  computed  illumination  levels . 
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Selecting  Lighting  Components 

A  review  of  lighting-component  catalogues  reveals  that  lighting  components 
are  available  in  standard  sizes  only.  Fluorescent  lamps  come  in  standard  lengths, 
diameters,  wattage,  lumens,  etc.;  fixtures  are  available  only  in  certain  styles  and 
sizes. 

Designers  must  be  familiar  with  the  many  kinds  of  lighting  components 
commercially  available,  so  they  can  quickly  and  easily  find  components  that  will  be 
compatible  with  their  particular  shelters . 


Determining  Compatibility  between  Lighting  System  and  Shelter 

After  briefly  reviewing  available  lighting  components ,  and  especially  luminaire 
sizes,  the  designer  selects  the  luminaires  which  will  fit  into  the  available  ceiling 
space.  The  number  of  luminaires  can  be  calculated  from  Equation  (6).  In  some 
cases,  it  may  be  necessary  to  relocate  air-conditioning  ducts,  cable  ducts,  escape 
hatches,  etc. ,  to  provide  enough  mounting  space .  If  there  will  be  two  or  more  rows 
of  luminaires,  the  required  mounting  space  will  depend  on  the  manufacturer's  recom¬ 
mended  ratio  of  spacing  to  mounting  height  (from  the  floor).  For  example,  a  lumi¬ 
naire  with  a  factor  of  1.35,  mounted  76  inches  above  the  floor,  requires  spacing 
luminaires  no  farther  apart  than  (1.35)  (76)  =  102  inches.*  For  many  small  shelters, 
one  row  of  fluorescent  luminaires  will  suffice;  however,  a  lighting  system  using 
incandescent  luminaires  might  require  more  than  one  row.  To  mak^  illumination 
more  uniform,  it  is  generally  desirable  to  space  luminaires  closer  than  their 
maximum  allowable  separation. 

When  luminaires  are  mounted  in  the  ceiling,  it  may  be  Impossible  to  recess 
them  completely,  and  the  protruding  parts  may  be  a  hazard.  False  ceilings  can 
protect  personnel  from  sharp  comers  of  protruding  luminaires  but  they  do  not  pro¬ 
vide  any  additional  head  clearance.  The  minimum  depth  for  commercially  available 
fluorescent  luminaires  is  approximately  three  inches;  so  if  the  maximum  ceiling- 
recess  depth  is  less  than  three  inches,  and  head  clearance  is  a  problem,  the  overall 
ceiiing-to -floor  height  must  be  increased.  There  are  fluorescent  strip  units  that 
mount  in  depths  less  than  three  inches,  but  these  exposed  lamps  may  be  damaged 
accidentally  and  personnel  could  be  injured.  Strip  units  should  be  used  only  in 
locations  where  there  is  little  danger  of  damage  and  injury. 


*  If  the  luminaire  is  recessed  in  the  ceiling,  as  most  shelter  lighting  systems  are, 
use  the  ceiling-to -floor  height. 
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Dimming  Provisions 

If  the  visual  tasks  in  any  application  require  widely  differing  illumination  levels, 
the  lighting  system  should  have  a  dimming  control.  For  example,  monitoring  a  radar 
display  requires  low  ambient  illumination  (no  more  than  0. 1  footcandle),  but  main¬ 
taining  the  same  display  may  require  50  footcandle s  or  more.  Dimming  controls  also 
make  it  possible  to  compensate  for  aging  and  dirt:  new  lamps,  which  are  clean  and 
bright,  require  the  most  dimming,  and  dimming  is  gradually  reduced  as  dirt  accumu¬ 
lates  and  lamp  output  begins  to  fall  off. 

Components  are  readily  available  for  dimming  both  fluorescent  and  incandes¬ 
cent  lighting  systems.  An  incandescent  lighting  system  is  normally  dimmed  by  a 
variable  auto -transformer  controlling  the  voltage  applied  to  the  lamp  filaments.  A 
fluorescent  lighting  system  can  be  dimmed  either  by  a  variable  transformer  and 
separate  lamp  ballasts  or  by  a  silicon  controlled  rectifier  (SCR)  unit  and  special 
ballasts  (Ref.  6,  pp  249  to  254).  For  both  methods  of  dimming  fluorescent  systems, 
type  40WT12RS  lamps  must  be  used. 

Although  die  SCR  unit  is  more  expensive  than  a  variable  transformer  to  control 
the  same  lighting  load,  the  SCR  unit's  compactness  may  be  an  important  advantage 
when  space  is  at  a  premium. 

If  dimming  is  required,  at  least  50  inches  of  space  must  be  allowed  for  the 
length  of  each  fluorescent  luminaire.  This  limitation  must  be  considered  in  making 
lighting  calculations  and  arranging  equipment  in  the  shelter. 

SCR  dimmers  must  have  at  least  a  minimum  lamp  load  for  reliable  dimming. 
Some  units  require  at  least  six  lamps .  Others  require  a  minimum  of  only  two  or 
four  lamps,  which  is  more  nearly  the  number  used  in  a  small -shelter  lighting  system. 
SCR  dimmers  are  also  available  for  dimming  incandescent  lighting  systems. 
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ADDITIONAL  FACTORS 


Several  other  factors  must  be  considered  in  designing  a  lighting  system . 


Dark  Adaption 

In  some  military  night  operations,  personnel  working  in  a  shelter  may  have  to 
leave  it  suddenly  and  go  to  a  dark,  possibly  hostile,  environment.  When  eyes 
adapted  to  normal  illumination  in  the  shelter  are  moved  into  a  very  much  lower  level 
of  illumination,  they  take  time  to  adjust  their  sensitivity  to  the  new  environment  -- 
personnel  will  not  be  able  to  see  objects  clearly  for  approximately  15  minutes  or 
more.  The  time  it  takes  to  adapt  to  darkness  depends  heavily  on  the  initial  level 
and  color  of  illumination,  and  particularly  on  the  individual  himself. 

Dark  adaption  is  faster  if  personnel  perform  their  normal  tasks  in  red  (wave 
lengths  of  620  millimicrons  and  above)  anibient  light.  But  using  a  red  lighting  system 
means  visual  tasks  must  be  designed  so  personnel  can  perform  them  with  low  levels 
of  illuminat-on.  It  is  not  feasible  to  make  the  red  light  as  bright  as  ordinary  white 
light  would  be;  that  much  red  light  would  require  much  more  power  and  possibly  even 
a  separate  unit  to  cool  the  lighting  system .  Where  a  red  lighting  system  is  necessary 
to  provide  for  dark  adaption,  it  should  provide  enough  illumination  on  the  panel  and 
indicator  markings  so  the  brightness  of  the  markings  is  at  least  0.02  foot -Lambert 
but  not  more  than  0. 1  foot -Lambert  (Ref.  10,  p  79). 


Display  and  Legend -Light  Masking 

Display  and  legend  lights  are  a  common  problem  worth  additional  emphasis 
here.  Equipment  designers  should  select  display  and  legend  lights  or  switch 
indicator  components  that  will  be  clearly  perceived  as  on  or  off  under  the  required 
level(s)  of  ambient  illumination. 


Maintenance 


Any  lighting  system  should  be  designed  for  ease  of  maintenance.  It  is  always 
desirable,  though  not  always  possible,  to  use  luminaires  in  which  bulbs  can  be 
replaced  without  tools.  Other  lighting-system  components,  such  as  fuses,  ballasts, 
etc. ,  should  be  easily  accessible  and  easy  to  replace.  Lighting  components  located 
behind  access  covers  in  the  luminaires  should  be  clearly  indicated  by  labels  placed 
where  they  are  easily  seen. 

For  additional  information  on  maintenance,  see  reference  8,  pp  10- 14  to  10-22. 


Emergency  Lighting 

Emergency  lighting  systems  should  be  provided  wherever  a  failure  of  the 
normal  lighting  system  would  degrade  system  operation  or  create  a  potential  hazard 
to  personnel.  The  kind  of  emergency  system  required  will  depend  on  how  greatly  a 
lighting  failure  degrades  the  system's  operation.  It  takes  much  less  illumination  for 
personnel  to  leave  a  shelter  (as  a  normal  procedure  in  case  of  a  power  failure),  for 
example,  than  for  monitoring  a  display  such  as  a  meter.  The  emergency  lighting 
system  should  switch  on  automatically  when  the  normal  lighting  system  fails. 


Flicker  from  Fluorescent  Lamps 

Flicker  is  an  undesirable  characteristic  of  fluorescent  lamps .  Because  the 
fusion  frequency  varies  from  person  to  person,  some  individuals  may  notice  flicker 
more  than  others,  although  few  eyes  can  detect  flicker  above  60  cycles  a  second. 
However,  because  the  periphery  of  the  retina  is  more  sensitive  to  flicker,  people 
are  more  likely  to  notice  fluorescent -lamp  flicker  out  of  the  corner  of  their  eyes 
than  in  the  direct  line  of  sight.  Wherever  it  is  noticed,  this  flicker  may  irritate  or 
distract  people  who  must  perform  difficult  visual  tasks . 

Flicker  in  fluorescent  lamps  arises  from  the  characteristics  of  the  phosphor 
being  excited  by  the  cyclic  arc  current.  Largely  independent  of  lamp  size  and 
wattage,  the  degree  of  flicker  depends  on  the  type  of  phosphor,  power  supply  frequency, 
and  ballast  circuit.  The  designer  can  reduce  flicker  by  connecting  half  of  the  lamps 
to  a  lead  power-factor  circuit  and  the  other  half  to  a  lag  power-factor  circuit,  or  by 
using  a  three-phase  power  source.  In  effect,  either  of  these  methods  raises  the 
flicker  frequency  above  the  average  eye's  60-cycle  fusion  cutoff.  If  neither  method 
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is  feasible,  designers  should  select  fluorescent  lamps  with  a  low  flicker  index. 

(This  index  ranges  from  zero,  for  steady  light,  to  one;  lor  a  high  degree  of  flicker.) 
(Ref.  8,  Fig.  8-31) 


Radio-Frequency  Interference  from  Fluorescent  Lamps 

Radio -frequency  interference  (RFI)  is  generated  by  the  mercury  arc  in  fluores¬ 
cent  lamps .  This  interference  may  degrade  the  performance  of  equipment  such  as 
computers  and  communication  sets.  RFI  can  be  greatly  reduced  by  power-line  filters, 
shielded  conductors  and  specially  designed  lens  (diffuser)  units  which  pass  light  but 
block  RFI  energy. 


Separation  Between  Fluorescent  Lamp  and  Housing 

Some  lighting  systems  use  different  sizes  or  makes  of  luminaires.  Even  if  two 
different  luminaires  have  the  same  number  and  type  of  lamps,  their  luminances  may 
vary;  if  the  luminances  vary  significantly,  they  will  not  distribute  light  evenly  over 
the  workplane.  When  circumstances  require  using  differing  luminaires,  they  should 
always  be  tested  to  assure  that  any  luminance  differences  do  not  violate  the  criteria 
in  Table  3.  Too -large  differences  can  sometimes  be  reduced  by  modifying  the  larger 
luminaire  internally  so  its  inside  dimension  is  equivalent  to  the  other  luminaire  -- 
for  example,  the  internal  wiring  cover  might  be  lengthened  or  widened. 


Frequency 

Incandescent  and  fluorescent  lamps  can  be  operated  on  several  different 
frequencies  of  alternating  current  (AC).  The  most  common  frequencies  are  60,  360, 
400,  and  840  cycles .  Incandescent  lighting  circuits  can  be  used  at  any  of  these 
frequencies  without  modification,  but  fluorescent  lighting  circuits  must  be  tailored 
to  a  particular  frequency.  As  the  power -source  frequency  increases,  the  reactance 
must  be  changed,  and  the  supply  voltage  must  be  increased.  Operating  fluorescent 
lamps  on  higher  frequencies  reduces  lighting  costs  because  higher  frequencies  are 
more  efficacious . 
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Some  military  applications  require  a  blackout  lighting  system  so  personnel  can 
>  enter  or  leave  the  shelter  without  letting  any  light  escape.  The  simplest  way  to  meet 

!  blackout  requirements  is  to  automatically  switch  off  all  lights  in  the  shelter  whenever 

an  exterior  door  is  opened.  Yet  sometimes  meters,  dials  and  other  areas  must  be 
|  illuminated  even  during  the  brief  time  someone  is  entering  or  leaving  the  shelter. 

|  When  normal  illumination  must  be  maintained,  there  should  be  blackout  curtains, 

|  sub -doors  and  inter -locks  for  turning  off  ail  lights  between  the  curtains  and  exterior 

i  doors.  Therefore,  when  arranging  equipment  in  shelters  used  under  blackout  condi¬ 

tions,  designers  should  locate  equipment  that  requires  continuous  monitoring  away 

!  from  exterior  doors  or  hatches . 

? 
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PART  S:  LIGHTING  DESIGN  APPLICATION 


INTRODUCTION 


A  lighting  system  design  proposed  by  Aerojet-General  Nucleonics  (AGN)  for 
the  control  cab  of  the  ML-1A  Mobile  Nuclear  Power  Plant  demonstrates  die  applica¬ 
tion  of  most  of  the  principles  and  factors  of  lighting  presented  in  Part  I.  This 
lighting-system  design  was  verified  by  a  survey  performed  in  a  plywood  mock-up  of 
the  ML-1A  control  cab  (Figs.  1  and  2). 


LIGHTING  SYSTEM  DESIGN 


ML-1A  Control  Cab 

The  following  paragraphs  are  quoted  from  the  AGN  design  report  on  the  ML-1A 
(Ref.  1,  pp  2-8  to  2-9): 

The  control  cab  [Figs .  3  through  6  ]  contains  the 
instrumentation  and  controls  for  operation  of  the  power 
plant,  and  satisfies  the  following  criteria:  one  man  opera¬ 
tion;  controls  within  easy  reach;  logical  grouping  of  con¬ 
trols;  easy  accessibility  to  all  rack -mounted  instruments; 
controlled  environment;  2  1/2-ton  maximum  weight; 
dimensions  [138  inches  long,  87  inches  wide,  77  1/2  inches 
high]  compatible  with  the  bed  of  an  M-35  truck;  and 
acceptable  radiation  dose  rate  for  the  operator. 

The  instruments,  controls,  and  power  circuits  in  die 
control  cab  which  allow  die  operator  to  control  the  reactor 
and  power -generating  equipment  include:  the  nuclear 
instrumentation  and  control  components;  the  control  rod 
position  indicators,  safety  circuits,  and  interlocks;  process 
instrumentation  and  control  components  (temperature,  pres¬ 
sure,  liquid  level  in  the  fluid  systems);  and  all  indicators 
and  controls  for  electrical  power  distribution. 
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Fig.  1.  INTERIOR  OF  ML-1A  CONTROL  CAB  MOCK -UP, 
SHOWING  LUMINAIRES,  EQUIPMENT  RACKS  AND  OPERATOR'S  CONSOLE 


*- 

'  ’J 
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The  cab  structure  [u.  S.  Army  Signal  Corps  Type 
S-14ij  meets  Signal  Corps  and  Air  Force  requirements 
for  land  and  air  transport.  Air  conditioning,  heating,  and 
lighting  are  installed  in  the  shelter  to  provide  a  suitable 
working  environment  for  the  power  plant  operator. 

The  control  console  [Fig.  5]  is  designed  to  func¬ 
tionally  group  all  instruments  and  controls  within  easy 
reach  of  the  operator.  The  console  is  designed  as  a  unit 
and  provides  three  major  information  and  control  cate¬ 
gories:  process  instrumentation  and  controls;  nuclear 
instrumentation  and  control;  and  electrical  power  instru¬ 
mentation  and  control.  The  console  panel  assemblies 
provide  accessibility  from  the  front  to  minimize  the 
requirement  to  perform  maintenance  work  behind  the 
console.  All  panels  are  captive -mounted  to  the  console 
by  hinges  at  one  edge  to  facilitate  maintenance .  The 
console  base  is  utilized  for  storage  of  spare  parts  and 
mounting  of  components  requiring  only  infrequent 
maintenance. 

Figure  3  shows  the  control  cab's  floor-plan  arrangement  of  the  five  equipment 
racks,  operator's  console,  and  storage  closet.  An  escape  hatch  is  located  in  the 
ceiling  above  the  fold-down  seat.  The  equipment  racks,  operator's  console,  and 
storage  closet  extend  from  the  floor  to  the  ceiling  (Figs.  4  and  6).  There  are  slide- 
out  desks  on  each  side  of  die  console  operator. 


Visual  Tasks  and  Illumination  Levels  Required 

The  visual  tasks  operators  are  expected  to  perform  and  the  recommended 
illumination  levels  for  them  are  given  in  Table  7. 

To  meet  the  recommended  levels  for  these  tasks,  the  ML-1A  control-cab 
lighting  system  must  provide  from  30  to  100  footcandies  of  illumination.  AGN 
selected  a  fluorescent  lighting  system  to  provide  100  footcandies  of  illumination 
and  distribute  the  light  uniformly,  yet  minimize  power  requirements.  A  dimming 
control  was  also  provided. 
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Lighting  Calculations  for  ML-1A  Control  Cab 

The  practical  workplace  area  in  the  ML-1A  control  cab  is  about  40  square  feet 
(Fig.  3);  however,  assuming  an  empty  interior,  the  workplace  area  is  70.6  square 
feet.  The  workplace's  height  above  the  floor  is  the  height  of  the  console  desk  above 
the  floor,  or  30  inches.  The  approximate  surface  reflectances  are: 


Ceiling 

80% 

Equipment,  panels,  and  walls 

50% 

Floor 

30% 

The  control  cab's  CU  is  estimated  by  the  following  procedure: 
a.  The  cavity  ratios  are: 

(1)  Ceiling  Cavity  Ratio  =  0 

(2)  Room  Cavity  Ratio  =  ShRC  (room  length  +  room  width) 

room  length  x  room  width 

RCR  =  5  (43.5)  (134  -t-  76) 

134  (76) 

RCR  =  4.49 

(3)  Floor  Cavity  Ratio  =  RCR  hFC 

hRC 

FCR  -4.49  30  =3.09 

43.5 


b.  From  the  above  Ceiling  and  Floor  Cavity  Ratios  and  Figure  9-3  in 
Appendix  A,  the  effective  cavity  reflectances  are: 

(1)  Effective  Ceiling  Cavity  Reflectance  -  80% 

(2)  Effective  Floor  Cavity  Reflectance  =  22% 
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c.  Now  the  approximate  CU  can  be  obtained  from  Figure  9-4  in  Appendix  A. 
For  luminaire  distribution  number  7,*  the  CU  for  50  percent  Wall  Reflectance,  80  per¬ 
cent  effective  Ceiling  Cavity  Reflectance,  and  an  RCR  of  4.49,  lies  between  0.48  and 
0.54.  Interpolating,  the  CU  =  0.51. 

d.  The  data  in  Figure  9-4  of  Appendix  A  are  based  on  a  20  percent 
effective  Floor  Cavity  Reflectance;  since  the  shelter's  effective  Floor  Cavity  Reflec¬ 
tance  is  close  to  20  percent,  it  is  not  necessary  to  modify  the  CU  as  it  would  be  if  the 
effective  Floor  Cavity  reflectances  were  much  different  from  20  percent.  Figure  9-5 
in  Appendix  A  gives  correction  factors  for  effective  Floor  Cavity  reflectances  other 
than  20  percent. 

The  LLD  and  LDD  Factors  for  the  Control  Cab  Lighting  System  are  determined 
as  follows: 


a .  Since  there  must  be  a  capability  for  dimming  the  fluorescent  lighting 
system,  type  48  T-12  430  ma,  Rapid  Start  lamps  are  required.  From  Figure  9-6  in 
Appendix  A,  the  LLD  Factor  for  this  lamp  (cool  white  color)  is  0.86,  assuming  12 
hours  of  operation  per  start . 

b.  Since  luminaire  distribution  number  7  (Fig.  9-4,  Appendix  A)  specified 
an  LDD  category  5,  the  LDD  is  determined  from  category  5  data  of  Figure  9-7, 
Appendix  A.  The  shelter  interior's  dirt  environment  is  considered  clean;  therefore, 
the  LDD  factor  for  cleaning  the  luminaire  and  shelter  surface  annually  is  0.88. 

Given  the  CU,  LLD  and  LDD  factors,  equation  (5)  indicates  how  many  lamp 
lumens  will  be  required  to  maintain  an  illumination  level  of  100  footcandles . 

maintained  footcandles  x 

Lamp  Lumens  =  empty  shelter  workplane  area 

CU  x  LLD  x  LDD 

Lamp  Lumens  =  _ 100  x  70.6  =  7060 

0.51  x  0.86  x  0.88  0.386 

Lamp  Lumens  =  18300 

Since  a  type  48  T-12  rapid -start  fluorescent  lamp,  cool  white  color,  generates 
3100  lumens  initially,  the  shelter's  lighting  system  will  require  six  lamps. 


*  This  type  of  luminaire  was  selected  because  it  transmits  and  distributes  ligjit  so 
efficiently.  Its  coefficients  of  utilization  are  the  highest  of  any  fluorescent  luminaire 
illustrated  in  Figure  9-4,  Appendix  A. 
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The  initial  illumination  ieyel  jfl  CBlClllStSd  jPyftm  aq»iafjAt%  \3/* 


Footcandles  =  lamp  lumens  x  CU 

area 

Footcandles  =  6  (3100)  (0.51)  =  134 

70.6 

It  will  not  be  possible  to  calculate  luminance  levels  for  interior  surfaces  by  the 
method  described  in  Part  I,  because  the  data  of  Figure  9-34,  Appendix  A, does  not 
give  luminance  coefficients  for  this  type  of  luminaire.  As  an  alternative,  luminance 
levels  may  be  computed  as  described  in  the  Third  Edition  of  the  IES  Lighting  Hand¬ 
book  (7): 


a.  Determine  average  interior  workplane  illumination. 

b.  Compute  room  coefficient,  Kr 

Kr  =  wall  area 
4  x  floor  area 


c.  Refex  to  Figure  9-27,  Appendix  A,  to  obtain  luminance  factors 
corresponding  to  room  reflectances  and  Kj..  Interpolate  when  necessary. 

d.  Multiply  the  luminance  factors  by  the  average  illumination  in  step  a. 

For  this  shelter,  die  calculations  are  as  follows: 

a.  Average  initial  illumination  =  134  footcandles. 

b.  Room  coefficient,  Kr  =  214  =0.76 

4  (70.6) 

c*  ^?rorn  Figure  9-27c,  Appendix  A,  the  luminance  (brightness)  factors  are: 

Wall  —  0.266 
Ceiling  —  0.240 
Floor  --  0.30 

Ceiling,  wall,  and  floor  reflectances  are  0.8,  0.5,  and  0.3  respectively. 
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d.  Wail  luminance  -  0.266  <134)  =  35.6  foot -Lamberts 

Ceiling  luminance  =  0.240(134)  =  32.2  foot-Lamberts 

Floor  luminance  =  0.30  (134)  =  40.2  foot-Lamberts 

This  completes  die  initial  lighting  estimates;  final  lighting  calculations  are 
made  after  a  specific  luminaire  has  been  selected. 


TABLE  7 

ML-1A  Control  Cab  Visual  Tasks  and  Recommended  Illumination  Levels 


Task 


Illumination  (footcandies) 


1. 

Reading  technical  manuals 

30-50 

r 

2  • 

Making  entries  in  the  log 

50 

3. 

Preparing  failure  reports 

50-70 

4. 

Monitoring  instrumentation  (meters,  etc.) 

50 

5. 

General  electrical  testing 

(using  multimeters,  scopes,  etc.) 

• 

50-100 

6. 

Using  circuit  diagrams 

100 

7. 

Soldering 

100 

30 


31 


i 
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Lamp  Layout 


Figure  3  shows  the  ceiling  area  available  for  mounting  lamps .  This  ceiling 
area  permits  only  one  reasonable  lamp  arrangement:  two  lamps  in  the  operator 
area  and  perpendicular  to  the  aisle,  and  two  pairs  of  lamps  paralleling  the  entire 
length  of  the  aisle  area  and  protruding  into  the  operator  area.  The  last  two  lamps 
contribute  light  to  both  operator  and  aisle  areas.  If  there  were  no  escape  hatch,  it 
would  also  be  possible  to  arrange  four  lamps  in  die  operator  area  perpendicular  to 
two  lamps  in  the  aisle  area. 


Lighting  Components 

Reviewing  the  specifications  of  several  commercially  available  components,* 
to  determine  which  ones  would  meet  the  lighting  requirements  best,  guided  the 
designer's  selection  of  components: 

a.  Aisle  Area  Luminaire  —  Day-Brite  #2x84  Chassis  vone  required) 

Day-Brite  #789P  Lens  (two  required) 

b.  Operator  Area  Luminaire  --  Day-Brite  #1x42  Chassis  (one  required) 

Day-Brite  #739  Lens  (one  required) 

c.  Dimming  System  —  General  Electric  DS-5000  Fluorescent 

Dimming  System  —  refer  to  GE  brochure 
#GEA-7874  for  description  and  characteristics. 

The  Day-Brite  luminaires  are  recessed  into  the  cab  ceiling  to  a  maximum 
depth  of  1  13/16  inches;  however,  the  luminaire's  depth  is  3  1/4  inches,  so  1  7/16 
inches  of  each  luminaire  protrudes  below  the  ceiling.  This  reduces  the  overall 
floor -to -ceiling  height  from  73  1/2  inches  to  approximately  73  inches,  so  personnel 
over  six  feet  tall  must  enter  and  leave  die  cab  cautiously.  Increasing  die  interior 
floor-to-ceiling  height  of  the  cab  to  76  inches  would  accommodate  95th  percentile 
personnel. 


*  See  Appendix  B  for  other  components  considered. 


Final  Calculations 


As  stated  in  Part  I,  data  for  commercial  luminaires  may  still  give  coefficients 
of  utilization  in  terms  of  Room  Index,  rather  than  the  Room  Cavity  Ratio,  as  is  true 
with  the  Day-Brite  Luminaires  selected  for  the  shelter  lighting  system.  The  Room 
Index  for  the  shelter  is  calculated  as  follows: 


a.  From  equation  (8), 

Room  Ratio  =  _ width  x  length _ 

Mounting  height  of 

luminaire  above  x  (width  +  length) 
work  plane 

Room  Ratio  =  (76)  (134) 

43.5  (76  +  134) 


Room  Ratio  =  10184 
9135 


=  1.115 


b.  From  Table  6,  the  Room  Index  for  a  Room  Ratio  of  1.115  is  H. 

For  a  Room  Index  of  H  —  and  with  ceiling,  wall,  and  floor  reflectances  of  80, 

50,  and  30  respectively  —  the  coefficient  of  utilization  for  the  Day-Brite  789P 
and  739  Waffletex  lens  (diffuser)  units  is  0.47  (Appendix  B). 

The  photometric  data  for  the  Day-Brite  luminaires  also  give  Maintenance 
Factors  (MF)  for  three  different  conditions  of  environmental  cleanliness.  In  place 
of  the  MF,  the  LLD  and  LDD  Factors  are  preferred  and  are  better  indicators  of 
light  depreciation.  The  MF  should  be  used  only  when  the  LLD  and  LDD  factors 
cannot  be  computed.  For  this  case,  the  product  of  the  LLD  and  LDD  factors  is 
approximately  0.76,  and  the  MF  for  a  good  condition  is  0.75. 

Using  the  above  coefficient  of  utilization  in  equation  (5),  the  lamp  lumens 
required  are: 


Lamp  Lumens 


100  x  70.6  =  7060 

0.47x0.86x0.88  .356 


Lamp  Lumens  =  19850 
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Theoretically,  seven  lamps  will  be  required.  However,  seven  lamps  give  an 
initial  illumination  level  of  144  footcandles  and  a  maintained  illumination  level  of 
110  footcandles,  while  six  lamps  will  provide  124  initial  and  93  maintained  foot- 
candles.  Because  seven  lamps  give  more  light  than  needed  --  and  because  the  tasks 
that  require  higher  illumination  levels  are  not  done  as  often  as  reading,  writing, 
and  monitoring  instruments  --six  lamps  (type  48  T-12  RS)  are  adequate  for  this 
application. 

Initial  luminance  levels  are: 

Wall  --  0.266  (124)  =  33  foot -Lamberts 

Ceiling  --  0.240  (124)  =  29.8  foot -Lamberts 

Floor  --  0.30  (124)  =  37.2  foot -Lamberts 
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Sta 
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fc 

ql 

121 

P-l* 

91 

q2 

136 

P-2' 

142 

q3 

143 

q* 

120 

q5 

134 

q6 

144 

Total 

797 

Total 

233 

1  Avgq=  133 

Ave  P’  =  116 

6a ±i)  +p 

Average  Illumination  =  \  N  •+  1  / 

2 

(N  =  number  of  luminaires) 
Average  Illumination  =  127  fbotcandles 


Sta 

fc 

P-l 

122 

P-2 

130 

P-3 

121 

P-4 

131 

Total 

504 

Avg  P  =  126  I 

Sta 

fc 

X-l 

122 

.  X-2 

129 

X-3 

120 

X-4 

130 

Total 

501 

Avfir  X  =  125  I 

Avg  X  equals 
emergency  illumination 
level  with  right  half  of 
LI  and  all  of  L2  illumi  - 
nated;  points  X-l  thru 
X-4  are  same  as  points 
P-1  thru  P-4. 


Fig.  7.  ML-1A  MOCK-UP:  ILLUMINATION  LEVELS  AND  MEASUREMENT  POINTS 
ON  A  WORKPLANE  30  INCHES  ABOVE  THE  FLOOR 
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LIGHTING  SURVEY 


Method  and  Procedure 

Components  of  the  proposed  AGN  Lighting  System  for  the  ML-1A  control  cab 
were  obtained  and  installed  in  a  plywood  control-cab  mock-up  (Figs.  1  and  2),  and 
a  lighting  survey  was  performed  to  verify  the  lighting-system  design. 

Illumination  was  mea  sured  with  a  Weston  Model  614  Footcandle  Meter  (cosine 
corrected).  Measurements  were  made  on  a  horizontal  workplane  30  inches  above  the 
floor.  The  specific  measurement  points  and  calculations  of  average  illumination  are 
shown  in  Figure  7.  These  points  are  derived  from  Tables  5B  and  5E  of  the  IES 
publication  How  to  Make  a  Lighting  Survey  (4) .  The  survey  was  made  with  simulated 
equipment  installed.  It  was  felt  that  these  illumination  measurements  should  not 
differ  greatly  from  measurements  of  an  empty  shelter,  because  the  equipment's 
surface  reflectance  is  about  the  same  as  that  of  the  wall.  Figure  3  shows  that  the 
equipment  covers  about  2/3  of  the  wall  area.  Also,  light  distribution  would  be 
somewhat  poorer  in  an  empty  shelter,  because  the  luminaire's  location  in  the 
ceiling  would  not  be  centered  longitudinally. 

Illuminance  measurements  were  made  for  the  console  panels,  console  displays, 
walls,  ceiling  and  floor  with  a  Photo  Research  Corp.  Spectra  Spot  Brightness  Meter, 
model  #SB.  Brightness  values  obtained  from  a  target  disk  with  known  reflectance  of 
better  than  99  percent  provided  relative  percent  reflectances  of  these  surfaces.  The 
target  disk  was  placed  at  the  same  locations  where  the  brightness  measurements  had 
been  taken.  The  specific  measurement  areas  on  the  console  are  shown  in  Figures  9 
through  16. 

Both  illumination  and  brightness  measurements  were  made  after  approximately 
100  hours  of  lamp  operating  time. 


Results 

The  average  illumination  level  on  a  horizontal  workplane  30  inches  above  the 
floor,  as  measured  in  the  ML-1A  mock-up,  was  127  footcandles  with  the  dimmer 
control  set  for  maximum  illumination.  (Figure  7  gives  illumination  levels  measured 
at  specific  points  and  equations  used  to  determine  the  average  illumination. )  The 
illumination  values  ranged  from  92  to  144  footcandles. 
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Fig.  8.  ILLUMINATION  LEVELS  MEASURED  ON  LEFT  PULL-OUT  DESK 
AND  CENTER  DESK  OF  OPERATOR’S  CONSOLE 
(Values  are  in  footcandles) 
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Illumination  levels  on  the  floor  directly  below  measurement  points  ql  through 
q6  were: 

ql  -  -  80  foot  candles 
q2  --  100  footcandles 
q3  —  98  footcandles 
q4  --  85  footcandles 
q5  --  100  footcandles 
q6  --  98  footcandles 

Illumination  levels  on  the  left  pullout -desk  and  center -desk  areas  of  the  console 
are  shown  in  Figure  8. 

illumination  levels  on  the  floor  under  the  console  desk  were: 
center  section  --  30  footcandles 
left  section  —  26  footcandles 
right  section  --28  footcandles 

The  floor  readings  were  taken  at  three  points  on  a  line  parallel  with  and  located  eight 
inches  from  the  lower  vertical  console  panels . 

Figures  9  through  16  show  brightness  levels  for  the  console  surfaces  and 
displays.  Table  8  gives  brightness  levels  and  percent  reflectances  for  ceiling,  walls, 
work  surfaces  (desk),  floor,  center  console  surfaces  and  center  console  displays . 

Table  9  shows  the  measured  reflectances  for  the  surfaces  and  the  recommended 
reflectance  range  (criteria)  for  these  surfaces . 

Table  10  shows  calculated  and  measured  brightness  levels  of  the  ceiling,  walls 
and  floor.  Direct  glare  from  the  ambient  lighting  system  caused  no  problexn; 
however,  glare  from  the  aisle  luminaire  was  reflected  from  the  meter  lenses  of  the 
lower-center  console  panel,  where  it  would  be  visible  to  a  seated  operator. 

The  uniformity  of  illumination  was,  for  the  most  part,  adequate,  but  the 
minimum  illumination  level  was  approximately  four  percent  below  the  recommended 
one-sixth  value  below  the  average  illumination  level.  No  lamp  flicker  was  observed. 
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Fig.  11.  LUMINANCE  LEVELS  MEASURED  ON  CONSOLE  PANEL  --  LOWER-LEFT 

(Values  are  in  foot -Lamberts) 


12.  LUMINANCE  LEVELS  MEASURED  ON  CONSOLE  HANEL  —  MIDDLE -LEFT 

(Values  are  in  foot -Lamberts) 
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Fig.  13.  LUMINANCE  LEVELS  MEASURED  ON  CONSOLE  PANEL  --  UPPER-LEFT 

(Values  are  in  foot-Lamberts) 
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Fig,  14.  LUMINANCE  LEVELS  MEASURED  ON  CONSOLE  PANEL  --  LOWER -RIGHT 

(Values  are  in  foot -Lamberts) 


48 


Fig.  15.  LUMINANCE  LEVELS  MEASURED  ON  CONSOLE  PANEL  —  MIDDLE -RIGHT 

(Values  are  in  foot -Lamberts) 


ml-ia  preliminary  design 


Fig.  16.  LUMINANCE  LEVELS  MEASURED  ON  CONSOLE  PANEL  --  UPPER-RIGHT 

(Values  are  in  foot -Lamberts) 
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TABLE  8 


ML-1A  Control  Cab  Mock-Up  Interior  Surface  Reflectances  and  Luminance  Levels 


Surface 

Disk 

Luminance 
(foot -Lamberts) 

Surface 

Luminance 

(foot-Lamberts) 

Percent 

Reflectance 

Ceiling  (center  of  escape  hatch) 

35 

30 

86 

Walls 

(on  vertical  centerline  of  cab  door  — 

8  inches  below  luminaire)  150 

90 

60 

(30  inches  above  floor) 

60 

33 

55 

Console  (left  desk) 

135 

58 

43 

Work  Surfaces  (center  desk) 

140 

65 

46 

Upper  Center  Console  Panela 

110 

50 

45 

110 

42 

38 

148 

80 

54 

Upper  Center  Console  Displays 

no 

68 

62 

no 

85 

77 

148 

115 

78 

Floor  (measurement  point  ql) 

80 

22 

27 

50 


TABLE  9 


ML-1A  Control  Cab  Mock-Up  Interior  Surface  Reflectances 


and  Recommended  Surface-Reflectance  Criteria 


Surface 

Measured  Percent 
Reflectance4 

Percent  Reflectance 
Criteria*3 

Ceiling 

86 

80  to  90 

Wall 

55 

40  to  60 

Console  Work  Surface 

46 

25  to  45 

Center  Console  Panel 

45 

25  to  45 

Center  Console  Display 

62 

Not  more  than  75 
for  25  percent  panel 
reflectance 

Floor 

27 

Not  less  than  20 

a  Values  from  Table  8 
b  Values  from  Tables  2  and  3 

TABLE  10 

Calculated  and  Measured  Luminance  Levels 

Surface 

Calculated 

Luminance 

Measured  Luminance 
(from  Table  8) 

Ceiling 

36 

30 

Wall 

33 

30 

Floor 

30 

22 
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Discussion 


The  average  illumination  level  measured  in  the  ML-1A  mock-up  compares 
favorably  to  the  calculated  value.  Substituting  values  in  Equation  (2)  and  setting  the 
LLD  and  LDD  factors  equal  to  unity,  *  tiie  calculated  illumination  is: 


Footcandles 


(total  lamp  lumens)  (CU)  (LLD)  (LDD)  =  (13600)  (0.47)  (1) 
Area  of  Workplane  70.6 


Footcandles  =  124 


The  measured  illumination  is  127  footcandles,  and  the  percent  error  is: 

127  -  124  , 

Percent  Error  =  - ^ - (100)  =»  3.2% 

The  error  probably  results  mainly  from  the  small  differe^-c  Lclweim  the  theoretical 
and  actual  reflectances  of  the  interior  surfaces  --  the  CU  is  based  on  standard  surface 
reflectances.  For  example,  the  measured  wall  reflectance  is  55  percent,  and  the 
theoretical  wall  reflectance,  on  which  the  CU  is  based,  is  50  percent.  Floor  and 
ceiling  reflectances  dif^  similarly: 

Measured  Reflectance  CU  Standard  Reflectance 

Floor  27%  30% 

Ceiling  86%  80% 

From  these  values  it  is  apparent  that  the  illumination  measured  in  the  mock-up 
should  be  slightly  higher  than  the  theoretical  value  of  illumination.  Since  ceiling 
and  wall  reflectances  affect  the  average  workplane  illumination  level  much  more 
than  the  floor  reflectance  does,  the  fact  that  the  actual  floor's  reflectance  varies 
slightly  from  the  standard  reflectance  usually  has  no  significant  effect  on  the 
illumination  level. 

Multiplying  the  measured  initial  illumination  level  (127  footcandles)  by  the  LLD 
and  LDD  factors  gives  a  predicted  illumination  level  just  before  a  scheduled  mainte¬ 
nance  period  of  96  footcandles.  The  lighting  system  therefore  essentially  satisfies 
the  in-service  illumination- level  requirement  of  100  footcandles. 


*  Because  the  luminaires  are  new  and  clean,  the  MF,  LLD,  and  LDD  factors 
equal  unity. 


Luminance  levels  of  the  wails,  ceiling  and  floor  compared  favorably  with  the 
calculated  levels  given  in  Table  10,  Where  they  differed,  it  was  probably  because  an 
approximate  wall  area  was  used  instead  of  the  actual  wall  area  --  actual  wall  area  is 
generally  difficult  to  obtain  where  equipment  such  as  the  console  does  not  present  a 
completely  verruca1  surface  --  and  because  the  data  in  Figure  9-27c,  Appendix  A,  are 
based  on  standard  ceiling,  vvaii  and  floor  reflectances,  rather  than  on  the  actual 
reflectances  in  the  mock-up. 

Among  the  luminance  levels  of  the  console  surfaces  and  displays  (Figs.  9 
through  16)  only  one  exceeded  the  maximum  recommended  luminance  ratios  in 
Table  3.  The  3:1  ratio  between  a  task  area  and  adjacent  darker  surroundings  is 
exceeded  if  the  luminance  levels  of  the  extreme  upper-left  and  upper-right  console 
surfaces  are  compared  with  luminance  levels  of  the  lower-center  console  surfaces. 
Since  these  extreme  upper  surfaces  are  beyond  the  effective  lighting  distribution 
pattern  of  the  luminaire,  they  may  be  considered  in  the  C  environmental  classification, 
instead  of  the  B  environmental  classification.  The  5:1  ratio  therefore  applies,  and 
the  luminance  difference  of  this  area  is  satisfactory. 

For  the  most  part,  the  measured  surface  reflectances  are  within  the  recom¬ 
mended  ranges  of  surface  reflectances  (Table  9).  The  only  surface  which  does  not 
comply  with  the  recommended  reflectance  is  the  console  work  surface;  but,  because 
this  reflectance  value  is  almost  within  the  recommended  reflectance  range,  the 
surface  should  not  cause  operator  discomfort  or  fatigue. 

Using  diffusing  lenses  in  the  console  meters  eliminated  the  reflected  specular 
glare  of  the  aisle  luminaire. 


Conclusions 

1 .  The  lighting  system  proposed  by  AGN  provides  the  required  levels  of 
illumination  for  the  various  visual  tasks  performed  in  the  ML  TA  control  cab. 

2.  Contrast  ratios  (luminance  ratios)  between  the  visual  task  area  and  other 
surfaces  are  satisfactory. 

3.  Sources  of  reflected  glare  were  eliminated: 

4.  The  floor -to -ceiling  height  of  the  shelter  should  be  increased  2  i/2  inches. 
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APPENDIX  A 


LIGHTING-DESIGN  DATA* 


*  Appendix  A  is  reproduced  from  the  4th  Edition  of  the  IES  Lighting  Handbook  (8), 
except  Figure  9-27  which  is  reproduced  from  the  3rd  Edition  of  the  IES  Lighting 
Handbook  (7). 


LIGHTING  CALCULATION 5 

Fig.  9-3  Per  Cent  Effective  Ceiling  or  Floor  Covity  Reflectance  for  Vorioui  Reflectonce  Combinotiom 


COffRC/fNTS  Of  UnuZAtiON  ‘ZO NAl  rAV!Ji  m£7H OOi 


Rg.  9-4.  Coefficients  of  Utilization  for  T yokel  Lunina**!  with  Suggested  Maximum  Spocmg  Robot  and  Momtsncnc*  Category 


To  obtain  i  Coefficient  of  Utilization  (see  also  Fin  A  IS) 

1.  De»»cmine  Cavity  Ratios  for  the  Room,  Ceiling,  and  Floor 

from  Fig.  9-2  or  the  formulas  on  page  9-2. 

2.  Determine  the  Effective  Ceiling  and  Floor  Cavity  Re¬ 

flectances  from  Fig.  9-3.  Use  expected  maintained  ceil¬ 
ing,  floor,  and  wall  reflectances  unless  initial  illumina¬ 
tion  is  desired. 

3.  Obtain  Coefficient  of  Utilization  (CU)  for  20  per  cent 

Effective  Floor  Cavity  Reflectance  from  appropriate 


table  'iclr^  f.  r  luminaire  type  to  be  used  interpolate, 
when  necessary,  to  obtain  CU  for  exact  Room  Cavity 
Ratio  for  nearest  Effective  Ceding  Cavity  Reflectances 
above  and  lielow  reflectance  obtained  in  Step  2,  interpo¬ 
late  between  these  CU's  to  obtain  CU  for  Step  2  Ceiling 
Cavity  Reflectance 

4  If  Effective  Floor  Cavity  Reflectance  differs  significantly 
from  20  per  cent,  obtain  multiplier  from  Fig.  9-6  and 
apply  this  to  the  CU  obtained  in  Step  3. 
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Maintenance  Category* 


1500  mA,  1-lamp,  l'-wide  alu¬ 
minum  troffer  with  45*  x 
45*  shielding 

LDD  Maint.  Category  IV 


2-lamp  (T12),  l'-wide  alumi¬ 
num  troffer  with  45°  x  30“ 
shielding 

LDD  Maint.  Category  IV 


2-lamp,  l'-wide,  white  troffer 
with  prismatic  lens 
LDD  Maint.  Category  V 


2-lamp,  l'-wide  white  troffer 
with  translucent  diffuser 
LDD  Maint.  Category  V 


*  Ratio  of  maximum  epaemf  between  luminaire  fantare  tc  mounting  for  oeilmc)  height  above  the  work  plana.  8m  "Luminaire  Bpaciof "  on  poft  *-18 

*  RCR  •  Roorr  Cavity  Ratio  d  0%'  •"  Par  oent  wall  reflectance 

•^CC  *  F*r  «*at  affettive  eeilini  cavity  reflectance.  *  8©*  pafte  *-!•  end  *-17. 
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UOtfT.nlG  CAi„U<  ATIONS 


Fig.  9-4,  Confirmed 
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.26 

24 

28 

26 

24 

28 

26 

24 

27 

25 

.24! 

.23 

6 

I  27 

24 

.22] 

27 

24 

22' 

26 

24 

22 

26 

23 

22 

25 

.23 

.22! 

.21 

1  7 

.25 

.22 

.20 

25 

.22 

20 

24 

22 

20 

.24 

21 

20 

23 

.21 

.201 

.19 

1  8 

23 

.20 

.18, 

23 

20 

18 

22 

.20 

18 

22 

19 

.18' 

21 

.19 

181 

17 

i  2 

i  21 

.18 

16 

21 

.18 

16 

20 

18 

16i 

20 

.17 

.161 

19 

17 

16 

15 

1° 

|19 

.16 

.  i4 

JO 

16 

14 

10 

16 

14 

18 

16 

.14, 

18 

.16 

14! 

_ 1. 

2-lamp,  l'-wlde  white  troffer 
with  45"  plastic  louver 
LDD  Maint  Category  IV 


2-lamp,  I'-wide  white  troffer 
with  45°  white  metal 
louvers 

LDD  Mair.t  Category  IV 


!  i 

.75 

.72 

70j 

73 

71 

69 

70 

68 

67 

68 

,66 

85i 

65 

.64 

.63! 

.62 

1  2 

67 

63 

59] 

65 

62 

59 

63 

60 

57 

61 

58 

56' 

59 

.57 

55! 

.54 

!  3 

60 

55 

■  si  i 

59 

54 

51 

57 

53 

50 

55 

.52 

.49 

53 

50 

48l 

.47 

1  4 

.54 

48 

.44 

53 

48 

44 

51 

47 

43 

50 

.46 

,43' 

48 

45 

.42! 

.41  ] 

!  5 

42 

.38! 

47 

42 

38' 

46 

41 

37 

44 

40 

.37: 

43 

39 

3o! 

.35  | 

j  6 

.43 

.37 

33, 

42 

37 

33 

41 

30 

33 

40 

36 

.32, 

39 

35 

32, 

31 

t  7 

.39 

33 

29! 

38 

33 

.29 

37 

32 

28 

36 

31 

28] 

35 

31 

28 

27 

1  8 

35 

29 

25 

34 

29 

25 

33 

28 

25 

32 

28 

25 

32 

28 

24: 

23 

|  9 

31 

25 

21 

31 

25 

.21 

30 

24 

21! 

29 

24 

21 

28 

.24 

.21 

20 

j  10 

i 

28 

23 

.19 

28 

22 

191 

27 

22 

1? 

26 

22 

.19 

26 

22 

.19' 

1 

, 

.17 

j 

1  1 

69 

66 

64 

67 

65 

63! 

85 

Kt 

61 

62 

til 

58, 

59 

58 

1 

57  ( 

55 

2 

61 

56 

.53 

56 

55 

52 

56 

53 

51 

54 

52 

50 

52 

50 

49 

47 

!  3 

53 

49 

.44  .52 

48 

43 

50 

•17 

43 

49 

44 

42 

48 

43 

.41 

40  , 

!  ^ 

.48 

42 

.38! 

46 

41 

38 

44 

40 

37 1 

43 

•>y 

36i 

42 

38 

36! 

35  ' 

2-lamp,  2’-wide  white  troffer 
with  prismatic  lens.  (Multi¬ 
ply  0  9  for  4-mmp) 


\  J  5  !  42  .36  . 31;  41  36  31  40  31  31  38  33  30,  37  33  .30'  .29  ’ 

V  /  6  1  38  .31  27j  37  31  26:  36  30  26  34  30  28  33  .  29  25  25 

Nv-| — '  7  .  33  .  28  24j.33  28  24  32  .  27  24!  35  27  .  24  30  .  26  .  23  22  2-lamp,  2'-wide  white  troffer 

8  .  30  25  2lj  .30  25  21| .29  '24  21]  28  24  .  21  .27  23  .  20  .19  with  translucent  diffuser. 

9  .  27  22  .18]. 27  .  22  . 17  .  28  .  21  , 171  25  .  21  17  24  .  21  17  .18  (Multiply  by  0.9  for  4-lamp) 

Max.  8/MHvo  -  1  2  10  25  .19  .18]  24  .19  16,. 24  .18  15]  23  .18  .15  22  .18  .16  .14  LDD  Maint.  Category  V 

4  Ratio  at  maximum  ipadc*  batvaan  luminaire  orntort  to  mountiaf  (or  ocilmc)  height  abort  tha  work  pits*.  Saa  "Luminaire  spadnx"  os  paia  Hi. 
b  RCR  -  Room  Cavity  Ratio. 

’aoc  “  fa  soot  effective  eeilln*  oarity  reflaetaoee. 

*  aw  -  Par  cant  wail  ra8adan«e 

•  Sat  pa«tt  »-U  and  »-J7 


COEFFiCIfNTS  OF  UTILIZATION 


Fij  9-4  Continue C 


TypkoJ 

ot*6 

i***  - 

80 

70 

50 

30 

10 

0 

\pni  - •[  50 

30  10 

50  30  10  50 

30 

10  50  30  10  50 

30  10 , 

0 

Ska «lw»  5|mkJ*** 


Typkol  LumlnoVae  and  lumlnalrw 
Molntanonra  Cotagory* 


|«C*b  li  CoafRrtonh  of  UtfflxoKon  (or  20  Far  Cool  Effactira  Ffeo."  Coviiy  Kaftactonca,  arc 


9 


i 


Max.  8/MH.,  -  1.1 


10 


1J 


ox 


Mm.S/MH„-1,2 


1 

.59 

57 

56 

58 

.56 

.551 

56 

54 

53 

53 

52 

1 

61 

51 

.61 

.60; 

.49 

2 

.53 

60 

47 

52 

49 

.47! 

50 

48 

46  i 

48 

46 

.45 

47 

45 

44 

.43 

3 

48 

.44 

■«| 

47 

.43 

.401 

.45 

42 

40! 

44 

41 

.39 

.42 

40 

.39 

.38 

4 

.43 

.39 

36! 

42 

39 

.36 

41 

.38 

35; 

40 

37 

.35 

39 

.36 

.34 

33 

6 

.39 

.34 

31 

1  *>o 

1  .00 

.34 

.311 

37 

.33 

31i 

36 

33 

30 

35 

.32 

.30 

29 

8 

35 

.31 

28; 

.35 

31 

.28! 

34 

30 

.27!. 

33 

30 

27 

.32 

.29 

.27 

.26 

7 

.32 

28 

25 

32 

.28 

25! 

31 

27 

.25! 

30 

27 

.24 

29 

27 

.24 

.23 

8 

.29 

25 

22| 

.29 

25 

22i 

28 

.24 

.22' 

27 

24 

22 

.27 

.24 

.21 

20 

9 

.28 

22 

.19 

.26 

22 

.19: 

26 

22 

19! 

25 

2! 

19 

24 

21 

19 

■  .18 

10 

24 

20 

.17 

24 

20 

17! 

23 

20 

.17; 

23 

20 

17; 

22 

.19 

17 

!  16 

1 

.49 

.47 

46 

.48 

46 

.45 

46 

45 

1 

1 

I 

44 

44 

43 

42 

42 

.42 

.41 

! 

j 

1 

1 

|  .40 

2  i 

.44 

.42 

.40 

1  43 

.41 

.39 

.42 

.40 

.38; 

40 

39 

.38 

1 .33 

38 

37 

j  .36 

3 

.-:g 

.37 

35 

!  39 

37 

35 

.36 

.36 

.34: 

37 

35 

.341  36 

.33 

!  32 

4 

.37 

.33 

.31 

36 

.33 

.31 

35 

.32 

30! 

34 

32 

.301  33 

.31 

.30!  .29 

6 

33 

.30 

,27 

33 

.29 

27 

32 

29 

27 

31 

28 

27 

.30 

28 

26 

1 

8 

.30 

.27 

.25 

.30 

.27 

24  i 

1.29 

.26 

M 

28 

26 

.24 

.28 

25 

.24 

j  .23 

7 

.28 

.25 

.22 

28 

24 

22 

27 

.24 

.221 

28 

24 

.22 

.26 

24 

.22 

I  raw 

.Ai 

8 

.25 

.22 

21 

.25 

.22 

.21 

1  25 

.22 

21; 

24 

2\ 

.19 

!  24 

21 

.19 

i  .19 

9 

.23 

.19 

.<8 

.23 

.19 

18 

22 

.19 

•l»i 

r 

.0 

t  *• 

I  22 

.19 

.17 

!  -17 

10 

.21 

.18 

.16 

.21 

18 

.16 

21 

.18 

16 

1 

20 

.18 

.16 

1.20 

i 

.17 

16|  .15 

1 

1 

1 

66 

.65 

63 

.64 

63 

62 

1 

|  62 

61 

! 

i 

1 

.60 

60 

59 

.68 

.68 

.57 

.5* 

1 

1 

;  .55 

2 

.61 

.59 

.56  61 

.58 

59 

1  58 

.56 

54 

56 

55 

.53 

j.55 

53 

521  .51 

3 

j  5? 

54 

.51 

1-56 

.53 

.51 

!  55 

52 

.so; 

53 

51 

.49 

I  52 

.50 

48 

j  .47 

4 

.53 

.49 

.46 

;  52 

.49 

.46 

!  si 

.48 

.46 

49 

.47 

45!  48 

47 

.41 

{  i  re 

,4o 

O  ! 

•  4t* 

.*0 

.12 

1  -10 

,40 

.12!  47 

.44 

.42' 

46 

43 

.41 

i  4* 

■,3 

.41 

1  ^ 

6 

.45 

.42 

.39 

,.45 

.41 

39 

44 

41 

.38 

43 

40 

.38 

M2 

40 

.38 

;|  .37 

7 

42 

.38 

.361.42 

.38 

.35 

j  4! 

.38 

.35 

40 

37 

.35 

I  40 

37 

.35 

34 

8 

39 

35 

.33 

'.39 

.35 

.32 

1  38 

35 

.32! 

37 

34 

.32 

!  37 

.34 

.32 

'j  .31 

9 

36 

.32 

.30!. 38 

.32 

.30 

:  35 

.32 

29 

35 

32 

.29 

34 

31 

.29 

28 

10 

[  32 

.28 

25 

j  32 

.28 

25 

:  31 

28 

25 

31 

27 

.25 

;  30 

.27 

25!  .24 

! 

1 

I 

'  75 

.73 

.7i; 

.73 

.71 

.70 

70 

.69 

.  68 

68 

.67 

1 

.66 

66 

65 

1 

64 

.63 

2 

68 

.65 

.621 

e7 

.64 

.62 

65 

62 

60 

63 

61 

69: 

61 

59 

.58 

.57 

3 

i  63 

59 

,55j 

62 

.58 

,60 

57 

.53 

58 

.56 

,52l 

57 

.55 

.52 

.51 

4 

!  58 

.53 

50! 

57 

.53 

501 

55 

52 

49 

i  ta 

.51 

.48 

53 

.50 

48; 

.47 

5 

.53 

.48 

.45! 

52 

.48 

•45| 

51 

47 

.44 

50 

.46 

.44 

.49 

.46 

.43! 

.42 

8 

i -49 

44 

,4lj 

.49 

.44 

.41 

47 

.43 

.40; 

48 

.43 

.40 

.15 

.12 

40, 

.39 

7 

1.45 

.40 

.37 

.45 

.40 

.37 

.44 

40 

37 

.43 

.39 

.37 

42 

.39 

30 

.35 

8 

1 .42 

.37 

34 

41 

.37 

.34 

.40 

.36 

.33 

40 

.36 

.33 

39 

.36 

.33 

.32 

9 

j  38 

.33 

.301 

38 

.33 

.30 

.37 

.33 

.30 

38 

32 

.30 

.38 

.32 

.30 

.28 

10 

.35 

,30 

,27| 

.35 

.30 

.27! 

.34 

.30 

.27 

.34 

.30 

.27 

.33 

.29 

.27 

.28 

3-lamp,  2'-wide  white  troffer 
with  45°  plastic  louver. 
(Multiply  by  0.95  for 
4-lamp) 

LDD  Maint  Category  IV 


4-lamp,  2'-wide  white  troffer 
w*,h  45°  white  metal  louver 
LDD  Maint  Category  IV 


Medium  distribution  reflector 
and  concave  lens 
LDD  Maint.  Category  V 


Wide  distribution  reflector 
and  fiat  lens 

LDD  Maint.  Category  V 


1  Bate  uC  maximum  apadn*  brtwaan  luminaire  Banian  to  mouatln*  (or  radio*)  bat*nt  abort  U*s  work  plane.  8»a  "Lamloaire  Spaaing”  oa  pa#»  Hi 
b  RCR  —  Room  Cavity  Ratio. 

°*OC  •*  P"  aaat  tSaetire  cadis*  oartty  reflaoiaaoa, 

*  nr  m  Par  mi  wall  refleetanoa. 

*  Saa  pager  Ml  a»d  M7. 


60 


i  ifjHTfH  ,  a;  JH 


Stg  'l  4 


(  -'  •  80  70  50  5: 

Typko!  DijHbvhon 

°"4  „»«  «  JO  JO  10  50  30  10  }C  30  10  50  30  10  50  10  10  0 

Maximum  Spacing* 

tCR*1  ,  C^xffiaxnt*  of  Uftlliafton  foe  20  f**  C*m  flocw  Co,e-f  2ofl«rfoc<«  pr. 


T>p*o<  o«-d  U»v«4*Klkr* 


IS 


Max.  B/MH.j  - 

14 


1 

50 

49 

49' 

49 

49 

48 

48 

47 

46 

48 

45 

45 

44 

44 

44 

43 

1 

48 

46 

45 

47 

45 

44 

45 

43 

44 

43 

42 

43 

42 

41 

41 

3 

’  45 

43 

42 

45 

43 

.42 

44 

42 

4i 

42 

41 

40 

41 

40 

40 

39 

4 

43 

.41 

39 

42 

40 

.39 

41 

40 

39 

41 

39 

38 

40 

39 

38 

37 

6 

.41 

.30 

.37 

40 

.38 

.37. 

40 

38 

37 

39 

38 

.38 

38 

37 

36 

36 

1  6 

.39 

.37 

<o 

CO 

.30 

.37 

.38 

38 

.37 

35 

38 

38 

35 

37 

38 

35 

34 

7 

38 

36 

34 

38 

36 

.34 

37 

35 

34 

37 

35 

34 

36 

35 

34 

33 

8 

35 

34 

.33 

.38 

.34 

33 

36 

34 

33 

35 

34 

32 

35 

33 

32 

32 

9 

35 

32 

31 

34 

32 

3! 

34 

32 

31 

34 

32 

3! 

33 

32 

31 

30 

0.8  10 

33 

31 

.29 

33 

31 

.29 

32 

30 

29 

32 

30 

29 

32 

30 

29 

29 

1 

62 

61 

60 

60 

60 

59 

58 

58 

57 

56 

56 

56 

55 

54 

54 

53 

i  2 

58 

57 

56 

58 

56 

55i 

56 

55 

54 

54 

53 

53 

S3 

52 

51 

.51 

1  3 

56 

54 

53 

55 

.54 

52 

.54 

53 

51 

53 

52 

51' 

52 

51 

50 

.49 

1  4 

53 

51 

.50 

53 

,51 

.  49j 

52 

50 

49 

5! 

49 

.48 

50 

49 

48 

47 

!  5 

51 

49 

.47 

51 

.49 

47 

50 

48 

47 

49 

47 

46 

48 

47 

46 

.45 

6 

.50 

47 

46 

49 

47 

46 

49 

47 

45 

48 

46 

45 

47 

46 

45 

44 

1  7 

48 

46 

44 

48 

.46 

.44 

47 

45 

44 

47 

45 

44 

46 

45 

44 

43 

8 

4u 

.44 

43 

46 

44 

42 

46 

44 

42' 

43 

4? 

45 

43 

42 

41 

,  9 

45 

42 

41 

44 

42 

41 

44 

42 

40 

43 

42 

40 

43 

41 

40 

40 

0.6  10 

43 

40 

39 

42 

40 

39 

42 

40 

39 

42 

40 

39 

41 

40 

39 

38 

Reflector  dnwnlight  with  baf¬ 
fle*— inside  frosted  lamp 
LDD  Mair.t  Category  IV 


^atrxixi*®. 


PAR-38  flood  with  concentrio 
louver 

LDD  Maint  Category  IV 


IS 


Max.  8/M1U,  -  0  8 


16 


Max.  SA1H.P  -  1.1 


1 

2 

3 

4 

5 

6 

7 

8 


9 

10 


1 

3 

4 

5 

6 

7 

8 
S 

!0 


74 

72 

71 

72 

7! 

70 

70 

.69 

69 

67 

65, 

68 

66 

65 

66 

65 

66 

63 

6! 

65 

60 

61 

64 

61 

63 

60 

58 

62 

59 

57 

60 

58 

00 

57 

54 

59 

56 

54 

58 

56 

57 

.54 

52 

57 

54 

52 

56 

51 

55 

.52 

50 

EC 

•  /V 

52 

50 

54 

51 

53 

50 

48 

52 

50 

48 

52 

49 

.50 

47 

45 

50 

17 

.45 

49 

47 

48 

15 

6.3 

48 

i5 

4.3 

47 

14 

84 

SO 

77 

79 

76 

71 

71 

69 

73 

68 

64 

70 

66 

61 

63 

59 

65 

59 

53 

62 

.56 

51 

56 

51 

58 

5! 

45 

55 

49 

44 

50 

45 

51 

44 

38 

48 

42 

37 

44 

39 

46 

38 

.33 

44 

37 

32 

.39 

3* 

41 

34 

29 

39 

33 

28 

36 

30 

37 

30 

25 

35 

28 

24 

32 

.26 

33 

.26 

.22 

31 

.25 

,21 

29 

23 

30 

24 

19 

.28 

.23 

.18 

28 

21 

68 

67 

67 

66 

65 

65 

64 

63 

63 

64 

63 

62 

63 

62 

61 

60 

60 

62 

60 

59 

01 

59 

58 

57 

57 

59 

58 

56 

58 

57 

55 

55 

54 

57 

55 

53 

56 

54 

S3 

52 

52 

55 

53 

51 

55 

S3 

51 

50 

50 

53 

51 

49 

53 

51 

49 

48 

47 

51 

49 

47 

51 

49 

47 

46 

45 

49 

47 

45 

48 

46 

45 

44 

43 

1  1 

44 

.42 

46 

44 

42 

42 

67 

64 

62 

60 

57 

55 

54 

51 

56 

56 

53 

5! 

50 

48 

46 

43 

47 

50 

46 

44 

15 

42 

.40 

37 

41 

45 

41 

37 

40 

37 

34 

32 

35 

40 

35 

32 

36 

32 

30 

27 

30 

36 

31 

28 

32 

28 

26 

24 

26 

32 

28 

.25 

29 

26 

23 

.21 

23 

29 

24 

.21 

26 

22 

20 

18 

20 

26 

22 

18 

24 

20 

17 

.15 

17 

24 

.19 

16 

22 

18 

15 

13 

IMP  flood  with  reflector  ekirt 
LDD  Maint.  Category  IV 


!  Suspended  aemi-dirret  panel 
I  fluorescent  lamp 
|  LDD  Maint.  Category  III 


6  Ratio  erf  maximum  sparing  between  luminaire  ainUn  to  mmwtmt  ior  reihn*  h^.jht  *bov$  tbe  work  pUne  ?«e  Luminaire  Spacing"  go  p*#»  Mfl- 

b  RCR  ■*  Room  Cavity  Ratio 

•/» oc  *"  P*r  °*Qt  affective  ceiling  cavity  reflectance, 

^  pw  "  Per  rent  wall  reflect* no? 

'Be*  page*  M6  and  5-17. 
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COEFFICIENTS  OF  UTILIZATION 


Bg,  9—4.  Continued 


Typical  DfcirtWon 
end 

Maaiowm  ?  pacing* 


17 


20X 


Mm.  8/MH«,  -1.2 


U 


Mm.  S/MH.,  -  1.8 


19 


Oio% 


Mm.  S/MH.,  —  1.6 


40 


Mm.  8/MH.p  -  1  3 


1 

POO'- 

10 

70 

I 

50 

30 

10 

0 

PW*-' 

i50 

30 

10 

50 

30 

10 

50 

30 

10 

50 

30 

10 

50 

30 

1C 

0 

*01*  1 

CeaflldoMi  of  WKtoHoft  for  20  for  Cant  Sffactfva  Root  Cavity 

kafUcfcnts,  arc 

1 

.81 

.78 

.74 

.77 

.74 

.71 

.70 

.67 

.65 

.63 

61 

.60 

.57 

.56 

.54 

.51 

2 

.72 

.67 

.63 

.89 

.64 

.60 

63 

.59 

.56 

.66 

.54 

52 

.52 

.60 

.48 

.45 

3 

.65 

.69 

.54 

62 

.57 

.52 

.57 

.53 

.49 

52 

.49 

.46 

.48 

.45 

.43 

.40 

4 

.58 

.52 

.  47j .  56 

.60 

.46 

.51 

.47 

.43!  47 

44 

.40 

43 

.41 

.38 

.36 

6 

,53 

.47 

.42 

.51 

.45 

.41 

.47 

.42 

.38 

.43 

.39 

36 

40 

37 

.34 

.32 

8 

.48 

.42 

.38 

.47 

.41 

.381.43 

.38 

.35 

.49 

.36 

33 

37 

.34 

.31 

.29 

7 

.44 

.38 

.34 

.43 

.37 

.33 

.40 

.35 

.31 

.37 

.33 

.30 

34 

.31 

.28 

.26 

8 

.41 

.34 

.30 

39 

.33 

.29 

37 

.32 

.28 

34 

.30 

.27 

31 

28 

.25 

.24 

9 

.37 

.31 

.27 

.36 

.30 

.27 

.34 

.29 

.25 

31 

.27 

.24 

29 

.26 

.23 

.22 

10 

.33 

.27 

.23 

.32 

,27 

.  231.30 

.25 

.22 

28 

.24 

.21 

28 

.22 

.20 

.18 

1 

.70 

.68 

.65 

.67 

.85 

.63 

63 

.61 

.60 

.59 

.57 

.56 

55 

.54 

.53 

! 

.51 

2 

.63 

.59 

.55 

.61 

.57 

.54 

.57 

.54 

.51 

52 

.51 

.49 

50 

.48 

.46 

.44 

3 

.56 

.51 

.47 

.54 

.50 

.46 

.51 

.47 

.44 

.48 

.45 

.42 

.45 

.43 

.40 

.39 

4 

.50 

.45 

.41 

,49 

,44 

.40 

.46 

.42 

.39 

43 

.40 

.37 

.41 

.39 

.36 

.34 

6 

.45 

.40 

.35 

.44 

,39 

.35 

.41 

.37 

.34 

.39 

.35 

.32 

.37 

.34 

.31 

.30 

6 

.41 

.35 

.31 

.39 

.34 

.30 

37 

.33 

29 

35 

.31 

.29 

.33 

.30 

.27 

.28 

7 

.36 

.31 

.27 

.35 

.30 

.27 

.34 

.29 

32 

,28 

25 

30 

.27 

.24 

.23 

8 

33 

.27 

.23 

.32 

.27 

.23 

.30 

.26 

1,. 

29 

25 

.22 

27 

.24 

.21 

.20 

9 

.29 

.24 

.20 

.29 

.23 

.20 

.27 

.22 

.19 

.26 

.22 

.19 

.24 

.21 

.18 

.17 

10 

26 

.21 

.18 

.26 

.21 

OO 

re 

.24 

.20 

.17 

23 

.19 

16 

.22 

.’8 

.16 

.15 

1 

.83 

.79 

.75 

.80 

.76 

.73 

.75 

.72 

.69 

70 

.67 

.65 

.65 

.63 

.6! 

.69 

2 

.71 

.65 

.69 

.69 

.63 

.08 

.64 

.59 

.55 

.60 

.56 

.52 

.56 

.62 

.49 

.47 

3 

.62 

.55 

.49 

.60 

.53 

.47 

.56 

.50 

.45 

.52 

.47 

.43 

49 

.45 

.41 

.39 

4 

.55 

.47 

.40 

.53 

.45 

.40 

.49 

,43 

.38 

.46 

.41 

.36 

.43 

.39 

.35 

.Vi 

5 

.48 

.39 

.33 

.46 

.38 

.33 

.43 

.37 

.32 

.40 

.35 

.30 

.38 

.33 

.29 

.27 

8 

.42 

.34 

.29 

.41 

.33 

.28 

.38 

.32 

.27 

.36 

.30 

.26 

.34 

.29 

.25 

.23 

7 

.38 

.30 

.25 

.37 

.29 

.24 

.35 

.28 

.23 

32 

.27 

.22 

30 

.25 

-22 

.20 

8 

.34 

.28 

.21 

.33 

.28 

.21 

.31 

.25 

.20 

.29 

.23 

.13 

.27 

.22 

.19 

.17 

9 

30 

.23 

.18 

.29 

.22 

.18 

.28 

.21 

.17 

.26 

.20 

.16 

25 

.20 

.16 

.14 

10 

.28 

.20 

.33 

.2? 

.20 

.16 

.25 

.19 

.15 

.24 

.18 

.15 

.22 

.18 

.14 

.12 

1 

.91 

.88 

.85 

89 

.86 

.83 

85 

.83 

81 

.82 

.80 

.78 

79 

.78 

.79 

.74 

2 

.80 

.74 

.70 

.78 

.73 

.69 

.75 

.71 

.67 

.72 

.69 

,66 

70 

.67 

.64 

.63 

3 

.70 

.64 

.58 

.69 

.63 

,58 

.67 

.61 

.57 

64 

.60 

.56 

62 

.58 

.55 

.53 

4 

.82 

.55 

.49 

.61 

.64 

.49 

.59 

.53 

.48 

.57 

.52 

.48 

.55 

.51 

.47 

.46 

5 

.64 

.47 

.41 

.53 

.46 

.41 

61 

.45 

.40 

.50 

.44 

.40 

.48 

.43 

.39 

.38 

6 

.48 

.41 

.35 

.48 

.40 

.35 

46 

.39 

.35 

.45 

.39 

.34 

.43 

.38 

.34 

.32 

7 

.43 

.36 

.30 

.43 

.35 

.30 

.41 

.35 

.30 

.40 

.34 

.30 

.39 

.34 

.39 

.28 

8 

.39 

.31 

.26 

.38 

-31 

.26 

.37 

.30 

.26 

36 

.30 

.25 

.35 

.29 

.25 

.24 

9 

.35 

.27 

•2? 

.34 

.27 

.22 

.33 

.27 

.22 

.32 

.26 

.22 

.31 

.36 

.22 

.30 

10 

.31 

.24 

.19 

.31 

.24 

.19 

.30 

.24 

.19 

.29 

23 

.19 

.28 

.23 

.19 

.18 

Typkal  lamiociraa  ond  lowing trg 
Mais*»n<w*e»  Cotafory* 


Prismatic  square  surface  drum 
LDD  Maint,  Category  V 


2-lamp  prismatic  wrap¬ 
around.  (Multiply  by  1.0  for 
4-lamp  if  unit  is  twice  as 
wide) 

LDD  Maint.  Category  V 


Surface-mounted  bare  lamp 
unit 

LDD  Maint.  Category  I 


Porcelain-enameled  venti¬ 
lated  standard  dome  with 
incandescent  lamp 
LDD  Maint.  Category  HI 


*  Ratio  of  minimum  (pacing  beiwoao  iumlaain  oaatan  to  mounting  (or  coiling)  height  abeva  tha  work  piam.  8aa  "Lumhnira  8 pacing "  oe  paga  f-JI. 

*  RCR  —  Room  Cavity  Ratio. 

*80C  “  Nr  taat  cdkothra  tailing  cavity  raSaataaat, 

*  SW  •*  Per  eaaii  »atS  raSactano*. 
sSsa  pagaa  t-H  and  »-17. 
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9-10  LIGHTING  CALCULATIONS 


Typkol  DbtrlbvHofl 
and 

Maalmvm  Spadn©* 


70 

30 

30 

10 

:  50  30  10 


KCRb  1  Co#fflc)«ntt  of  Ufttlxatfon  for  20  P«r  C»nt  Ffftdiv#  Floor  Cavity  R«fUctonc«,  prc 


Typkol  lwmlno1r«i  end  tamfealr* ** 
Maintenance  Category* 


I  _ 

.78  .77  .74  76  .75  .73)  74  .72  .7l|.71  .70  .68[.68  .  07  .  66  .  65 

.72  .68  .66;. 71  .67  ,  65j.68  .  66  .  63  '  65  .64  .62  .  64  .  62  .  61  .59 

.66  .  62  .  59'  65  .  61  .58;. 63  .  60  .  67; .61  .59  .  56  .  60  .  67  .  55)  .54  /TTjiK 

60  .  56  ,  62;  59  .  65  .  52.58  .  54  .  51'. 58  .  63  .  51.55  .  63  .  50!  -49 

.55  .  69  .  47  .  54  .  60  .  46.53  .  49  .  461.52  .48  .46.61  .48  .45  .44  ^ 

61  .45  .42.60  .45  .42.49  .45  .41.48  .*4  .41.47  .43  .41  .40 

.46  .  41  .37  46  .  41  .37  .  45  .  40  .  37  44  .  40  .  37  .  43  .  39  .  36  .  35 

42  .  37  .  331.42  .  37  .  33  .  41  .36  .  33  40  .  36  .  33  .  39  .  35  .  331  .31  Enclosed  reflector  with  in- 

.39  .  33  .  30)  38  .  33  .  30  .37  .  33  .  30  .37  .  32  .  29  .  38  32  .  29  28  candescent  lamp 

i.33  .  28  .  25,  33  .  28  .  251.32  .  28  .25'. 32  .  28  .  24  31  .27  .  24;  .23  LDD  Maint.  Category  V 

li! 


1  j  75  .73  .711.74  .72  ,70|.71  .69  ,  63!.68  67  .  66!  66  .55  64  .62  JWl 

2  68  .  64  ,  6l!  67  .  63  .  6lj.64  .  62  .  59;  62  .60  . 58i . GO  .58  .  57!  .55 

3  !  62  .  57  .  54  .  60  .  56  .  53!. 59  .  55  .  52'  57  .  54  51155  53  .  50)  .49  LS  zA 

4  56  52  47  55  .51  .47153  .49  .461  52  .48  .45.60  .47  45;  .44  ^ 

5  |  50  45  ,4l!. 49  .44  ,41(.48  .44  40!.47  .43  -40|  46  .  42  .  401  .38 

6  1.45  .40  36 1  45  .40  .361.43  .39  .36|.42  .  38  .85  .  41  .38  35;  .34  Medium  distribution,  venti- 

7  1.41  .36  .  321.40  .  35  .  32  .40  .  35  31 ' . 39  .34  .31! .38  .34  .31'  .30  lated  aluminum  or  glass  re- 

8  1.37  .32  .28137  .32  .28!. 36  .  31  28  35  31  28j  .34  .30  -28i  .28  flector  with  improved -color 

9  | .33  .28  .24!  33  .  28  ,  24|.32  .28  24!  32  .27  .24;  31  .27  .  24  .  23  mercury  lamp 


.2  10  30  .  25  .  22  '  30  .  25  .  22  .29  .  25  22  ,  29  .  25  .  22). 28  .  24  .  21)  .20  LDD  Maint.  Category  III 


Max.  S/MH.f  -  1.4 


1  ,.81 
2  !  .74 


6  {.57 

6  ;.53 

7  j  48 

8  j  .44 

9  1 .41 
10  J.35 


.79  .  77  .  77  .  76  .  741  73  .  71  .701  68  .  67  .  66  .  63  .  63  .  62;  .60  JWL 

.71  ,68f.72  .  69  .  66  :  67  .  65  .  63  )  63  .52  .  60  .  60  .  58  .  57,  .55 

.84  .  61  .66  .  63  .  59  .  63  .  60  .  57  .59  .  57  .  55  .  56  .  54  .  52!  .51  fcfc  2A 

.58  .  84  .  61  .57  .  53  58  .  54  5K  55  .  52  .  49  .  52  .  50  .  48:  .46  “ - 

.52  .40;. 56  .  51  .48  53  .  49  .  47|.61  .47  .  45'. 48  .46  .43  .42 

.48  .  44i.52  .47  .43.49  45  ,42j .47  .43  .4l|.45  .42  .40:  .38  Wide  distribution,  ventilated 

.43  .  40  !  47  .  42  .  39  .  45  .  41  .381.43  .  40  .  37;. 41  .38  .  36  35  aluminum  or  glass  refiee- 

.39  .  36  .  43  .  38  .  35  .  41  .37  .  34  40  .  36  33  .  38  .  35  .  32  31  tor  with  improved-color 

.35  .  32  40  ,  35  .  31.38  .  34  ,  3l[  .36  .  33  .  30  .  35  .  32  .  29  .  28  mercury  lamp 

.30  .  27  .  35  .  30  .  26.33  .  29  .  28!. 32  .  28  .  25  .  30  .  27  .24  .23  LDD  Maint.  Category  III 

I 


*  Rafco  a!  muimcm  apaao*  bateaao  lumiaalra  eta  ton  to  awanUa*  (or  eaUiac)  fcat*kt  abort  tha  work  piaao  8oo  "Uimloalro  Bpaein«"  ow  pw*3  a-ja 
t  RCR  -  Room  Carity  Ratio. 

**CC  ”  Par  *ot  aflaetira  oillac  oortty  rriaoUaoa. 

*  rw  m  Par  cast  wail  raAaotaaaa. 

*  Baa  oasra  »-l«  and  MT. 
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COEFFICIENTS  OF  UTILIZATION 


Fig.  9-4.  Co ntinmJ 


Typical  OWWMhw 
mh4 

Maal—  SpacM** 


Max.  S/MH„  -1.3 


Max.  8/MH.,  -  1.3 


Typical  Uminoirtt  and  Itweinwire 
MoWtncme*  Cot**c»y* 


I 

1  .84  .  83  .  79;  80  .  78  .  76  .  74  .  73  .  71:  69  .  68  66  64  .  63  62!  .60 

2  .75  .71  .88!. 72  .  69  66  .  67  .  65  .  62  63  .  60  59  .  58  57  .  55j  .53 

3  .  68  .  62  .  58!  65  61  .57  .  61  .57  .  54  57  .  54  .  51  .53  .  51  .49  .  47 

4  | .61  .55  ,5i:  59  .  54  .  50  55  .  51  .47  .  51  48  .  45  .  48  .  45  .  43  .  41 

5  .55  .48  .441.53  .47  .43.50  .45  .4’.'  46  .  43  .  40  .  44  .  40  .  38  .  36 

6  .49  .43  .381.47  .42  .38  45  .40  ,36i.42  .  38  .  35  .  39  .  36  .  33  .  32 

7  j  .44  .  38  .  34  .  43  .  37  .  33  .  40  35  .  32  38  .  34  .  30  .  36  .  32  ,  29  .  28 

8  .  39  .  33  .  29  .  38  .  32  .  28  .  36  .  31  .27  .  34  .  30  .  28  .  32  .  28  .  28  .  24 

9  .  35  .  30  .  25  .  34  .  29  25  .  32  .  27  .  24  .  30  .  26  .  23  .  29  .  25  .  22  .  21 

10  .  32  .  26  .  22  .  31  .25  .  22  .  29  .  24  .  21.28  .  23  .  20  .  26  .  22  .19  .18 


2-lamp  aluminum  industrial 
with  35*  crosswise  shielding 
LDD  Maint.  Category  II 


*  Ratio  at  nuinun  *p*b*c  betwteo  lumlalr*  otcUn  to  motntiM  (or  Mills*)  Sri*ht  short  Us  work  piss*.  8a  "Lamlasii*  Bptols*”  em  PM*  *-16. 
k  RCR  —  Room  C**Hy  R*Uo. 

**CO  »  far  oat  rffrrtlrt  twills*  o*rlty  niwtoa 

*rm  m  P*  ant  wmll  r«A**t*ses. 

*  Ba  pmm  *-lt  sad  *-17. 
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LIGHTING  CALCULATIONS 


Typkol  Distribution 
a  no 

Maximum  Spacing* 


BO 

70 

50 

o 

o 

n 

i 

0 

50  30  10 

i 

50  30  10 

50  30 

10 1 50  30  10  50  30  10 

0 

Typical  lumlnolrei  and  Umlnetr* 
Maintenance  Cotegory* 

i#CHb  |  [  Coefficients  of  Utilization  for  20  Par  Con*  Effective  Root  Cavity  Reflectance.  fire 


Max.  S/MHwP  -  1.5 


1 

66 

64 

62 

64 

.62 

.60  .58 

.57 

.55  .53 

.52 

.51 

.49 

.48 

.47 

.45 

2 

.60 

.56 

.54 

57 

54 

.52  .53 

.50 

.48;  49 

.47 

.45 

45 

.43 

.42 

.40 

3 

.54 

.50 

.46 

52 

48 

.45  .48 

.45 

.42,-44 

.42 

.40 

41 

.39 

.37 

.36 

4 

.49 

.44 

.411 

47 

.43 

.40  .44 

.40 

.381.40 

.38 

.35 

.38 

.35 

.34 

.32 

5 

44 

.39 

.35j 

.42 

.38 

.351.39 

.36 

,33j  37 

.34 

.31 

34 

.32 

.30 

.28 

6 

.40 

35 

.31 

.38 

.34 

,3l|.35 

.32 

.29  .33 

.30 

.28 

31 

.29 

.27 

.25 

7 

36 

31 

.281 

.35 

.30 

.27!  33 

.29 

.26,-30 

.27 

.25 

28 

.26 

.24 

.22 

8 

33 

.28 

241 

31 

.27 

.24  29 

.26 

23  28 

24 

22 

26 

.23 

.21 

.20 

S 

29 

.25 

•  21 1 

.28 

.24 

.211.27 

23 

.20  25 

.21 

.19 

.23 

20 

.18 

.17 

10 

27 

22 

.19 

.26 

.21 

.18  24 

.20 

.  181  23 

.19 

17 

21 

18 

.16 

.15 

with  35*  crosswise  and 
lengthwise  shielding 


Max.  8/MH. 


I  , 

70 

.67 

1 

.65j  64 

.61 

60 

52 

51 

so; 

42 

41 

I 

.401 

32 

32 

.31 

.27 

i  2 

62 

.58 

541.57 

53 

.50 

47 

45 

42 

38 

.36 

35! 

29 

29 

.28 

.24 

3 

55 

.50 

.46!  50 

46 

.43 

42 

39 

37| 

34 

32 

.30 

27 

26 

25 

21 

I  4 

.49 

44 

40  45 

40 

37 

38 

35 

32 

31 

29 

.27 

25 

.23 

.22 

.19 

1  5 

44 

.38 

.  34  j  40 

36 

.32 

34 

30 

28| 

28 

25 

24 

22 

20 

19 

17 

6 

40 

.34 

.301.37 

.32 

.28 

.31 

27 

25' 

25 

23 

.21 

20 

.19 

.17 

.15 

7 

.36 

30 

.26!  33 

.28 

25 

.28 

24 

22 

23 

20 

.18 

.19 

.17 

.15 

.14 

8 

32 

.27 

.23  30 

,25 

.22 

26 

.22 

19 

21 

19 

.17 

17 

.15 

.14 

.12 

i  9 

.29 

.24 

.20!  .27 

22 

.19 

.23 

19 

17 

19 

.16 

.15 

16 

.14 

.12 

.11 

1  10 

.27 

.22 

.18|  25 

.20 

.17 

21 

18 

16! 

18 

15 

.13 

14 

.12 

.11 

.10 

45'  louver  shielding 


*  Ratio  of  maximum  a  par  mg  batmen  luminaire  center*  to  mounting  (or  online)  height  above  the  work  plane.  Bee  "Luminaire  Bracing"  oa  page  4-11. 
k  KCR  -  Room  Cavity  Ratio. 

f  ecc  "  Per  cent  effective  ceiling  cavity  reflectance 
a  rw  ~  Par  cent  wall  reflectance. 

*  See  page*  4-1S  and  4-17 


COEFFICIENTS  OF  UTILIZATION 


Fig.  9-4.  Continued 


Typicof  DirtrikofteM 
mi 

Maxteu*  Spedn«* 


pee*  -» 

•0 

70 

1 

50  j  30 

1 

to 

0 

nr* 

50  30  10 

50  30  10 

1 

50  30  10  50  30  10 

50  30  10 

0 

tctk  i 

CooRldonh  of  UtUxotion  for  20  Par  Cant  Effactiva  floor  Cavity  Kaftadonca,  pro 

» 


Max.  8/MH.p  -  1.2 


M 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


M«x.8/MH„-  1.5 


35 


1 

2 

3 

4 

5 
0 

7 

8 
0 

10 


54  .  52  .  61 
49  .46  .44 
44  .41  .38 
40  .  37  .  34 
38  .  32  .  30 
33  .  29  .  27 
30  .  27  .  24 
28  .  24  .  21 
25  .  22  .19 
23  .  20  .17 


79  .75  .70 
67  .  60  .  55 
58  .  60  .  44 
50  .  42  .  36 
44  .36  .30 
39  .31  .25 
35  .  27  .  21 
31  .24  .18 
28  .21  .16 
25  .18  .14 


.53 

.48 

.43 

.39 

.36 

.33 

.30 

.27 

.25 

.23 


i 


.51  .501.51 
.45  .431.46 
.40  '.38|. 42 
.36 
.32 
.29 
.26 
.24 
.21 
.19 


.341.38 

.301.35 


.27 

.24 

.21 

.19 

.17 


.32 

29 

.27 

.24 

.22 


.50  .48 
.44  42! 

.39  .37 
35  .  33! 
.32  .29 
29  .26 
.26  .24 
.24  .21 
21  19 


.49 

.45 

41 

.37 

.34 

.31 

.28 

.26 

24 


48  .47!  47 
43  .412.43 
.39  .37!. 39 
.35  .33!. 36 
.31  .29:. 33 
28  .26!  30 
28  ,  24|,28 
23  .21!. 20 


21  .19 
19  .17 


.23 

.22 


.48  .46 
.42  .40 
.38  .36 
.34  .32 
31  .29 
28  .26 
25  .23 
.23  .21 
.21  .19 
.19  .17 


.73 

.62 

.53 

.46 

.40 

.36 

.32 

29 

.26 

23 


.69 

.56 

.46 

.39 

33 

.29 

.25 

.22 

.19 

.17 


.85  .61 
.50|.51 
.40;.  44 


.33 

.28 

.23 

■20] 

.17 


.38 

.34 

.30 

.27 

.24 


.15  .21 
.13  .19 


.68  55  .  62 

.59  .54 
.52  .46 
.46  .40 
.40  .34 
.36  .30 
.32  .26 


59 
51  .51 
42  .45 
35  .40 
.301  35 
.261.31 
.22!  28 


8  .  29  .  23  .19 


25 


.56  54]  .42 

48  .44  37 
.40  .371  32 
35  .31  28 
.30  .  26  .  25 
.27  ,23‘ 22 
.23  .19  . 20 
.20  .171  18 


.58 

47 

.38 

33 

.28 

.24 

21 

.18 

16 

14 


41 
35 
29 
25 

22  20  16 


.55!.  50 
.421. 41 
.34'  35 
.28).  31 
.23!  27 
.201  24 
.17. 21 
.14;. 19 

12i.l7 

loi  16 


47 

.38 

31 

27 

22 

19 

17 

.15 

.13 

11 


I 

.45!.  40 


.35 
.28 
.23 
.  loi 


39;  26 
32j.23 
27  20 
231.18 


.32 
.28 
.24 
.21 

.16  1!> 

.14,  17 
11  15 
101  13 
.08!  12 

i  I 

1  I 

26  .  26  12  .12  .121 


.38 

.30 

.25 

.21 

18 

15 

13 

12 

10 

.09 


.36 
■28| 
.22 
•  18| 
.15 
.12 
.10 
09 
.07) 
.061 


.47 

.40 

.35 

.31 

.28 

25 

.23 

.20 

.18 

.18 


.22  21  11 
19  .181  10 


20 

17 

.15 


17  15 
14  13 

.13'  12 


16 

14 

13 

1! 

10 


.15  09 
.13,  08 
•  ll’  07 
09i.06 
.081  06 


.1! 

09 

08 

.07 

.06 


10 

oo! 

.07; 

.061 

06 


.05  .05' 
05  .04. 


.31 

.23 

.18 

.15 

.12 

.10 

.08 

07 

.06 

.05 


.06 

.05 

.04 

.04 

.03 

03 

03 

.02 


Typko!  Uminolrat  onW  Urwtoto 
MjWartonc*  Category* 


Unit  *32  with  top  plates  or 
stmaee-mounted 
LDD  Maint.  Category  IV 


6 


Incandescent  pendant  diffus¬ 
ing  sphere 

LDD  Maint.  Category  V 


9 

.28 

.20 

.17 

.23 

.18 

.15 

.17 

13 

11 

10 

09 

.07 

05 

.04 

.04, 

.02 

Max. 

8/CH.p  - 

1.5 

10 

.24 

.18 

.15 

21 

,16 

.13 

.  15 

12 

10 

08 

;°° 

05 

04 

.03; 

.02 

35 

1 

1 

1 

.72 

.<39 

.00 

.62 

59 

.57 

.42 

.41 

40 

25 

24 

24 

00 

09 

.08 

01 

#3% 

2 

.03 

.58 

.54 

.54 

.50 

.47 

.37 

35 

33 

22 

21 

20 

.08 

.07 

.071 

01 

'MA 

> 

3 

.55 

.49 

.45 

.47 

.42 

39 

33 

30 

.27 

.19 

18 

.10 

.07 

.00 

00 

01 

\l/  ^ 

J 

4 

.48 

.42 

.37 

.42 

.37 

.33 

.29 

20 

23 

17 

10 

14 

.00 

00 

.05' 

01 

5 

43 

.36 

.32 

.37 

.32 

.28 

20 

22 

20 

.15 

14 

12 

.00 

.05 

.05; 

01 

5* 

0 

38 

.32 

.27 

.33 

.28 

.24 

.23 

.19 

.17 

14 

12 

.10 

05 

.04 

.or 

“-QT 

7 

.34 

.28 

.23 

.29 

.24 

.20 

.20 

.  17 

.15 

12 

10 

00 

04 

.04 

.03' 

.01 

8 

.30 

.24 

.30 

.28 

.21 

.18 

.18 

.15 

.13 

.11 

09 

.08 

.01 

03 

•  03| 

.00 

9 

.28 

.22 

.18 

.34 

.19 

.16 

.17 

13 

.11 

10 

08 

.07 

.04 

.03 

,02| 

.1)9 

Max. 

S/CH.p  - 

1.5 

10 

.25 

.19 

.15 

.21 

.17 

.13 

15 

.12 

.09 

.09 

.07 

.00 

.03 

.02 

,02| 

.00 

Luminous  direct  unit  for 
extra-high-nutput  lamps 
LDD  Maint.  Category  II 


Concentric  ring,  silvered- 
bowl  indirect 


*  Ratio  of  maximum  «p*da*  batwata  huniaeira  enter*  to  mounting  (or  oeihne'  b«*ht  abort  tht  work  plant.  Stt  "I  umlarln  Sptdnf"  oa  past  P-IP. 
k  RCR  >•  Room  Ca*lly  Ratio. 

**CO  “  JV  east  rfaetira  etilitc  tarUy  rafUaiaaoa. 

*  rp  -  Rw  east  VaR  raflaatenea. 

**aa  pasn  P-1*  tad  P-17 
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Fig.  9-4.  Confirmed 


Typkol  Diifrlbvtlon 
and 

Maximum  Spacing* 

PCC*  — 1 ’ 

80  1 

1 

70 

50  ; 

30 

1 

warn 

□1 

PWd  "» 

50 

30 

10 

50 

30 

to  S 

50  30  10 ! 

1 

50 

30 

10 1 

! 

50 

30 

10 

5 

HCIt1”  1 

CoaBtclanti  of  Utilization  foi  20  Par  Cant  EfFactira  Root  Cartty  Raftactcnca 

pro 

37 

1 

1 

j 

j 

1 

i 

i 

1 

! 

j 

1 

.42 

.40 

.39 

.36 

.35 

! 

i 

,33! 

1 

.25  .24  .23, 

I 

Coves  are  n 

1 

ot  recommer 

ided 

2 

.37 

.34 

.32 

32 

.29 

.27. 

.22  .  20  .19’ 

for  lighting  areas 

having 

3 

.32 

.29 

.26 

.28 

.25 

.23 

.19  .17  .16 

low  reflectances. 

4 

.29 

.25 

.22 

.25 

.22 

.191.17  .15  .13. 

1 

5 

.25 

.21 

.18  .22 

19 

.161 

.15  .13  .11 

6 

.23 

.19 

.10  .20 

.16 

.14! 

.14  .12  .10 

7 

.20 

.17 

■  !4 

.17 

.14 

.12! 

.12  .10  09’ 

8 

.18 

.15 

.12 

.16 

.13 

.10 

.11  .09  .08 

See  discussion  of 

9 

.17 

.13 

.10 

.15 

.11 

.09 

.10  .08  .07 

coves  on  page  9-21. 

10 

.15 

.12 

.09 

.13 

.10 

.08 

.09  .  07  .  00 

| 

38 

1 

1 

.60 

.58 

.56 

1 

58  .  56  .  5t! 

2 

1.53 

.49 

.45  .51  .47  .43| 

3 

47 

.42 

.37  .45  .41  .30 

4 

.41 

.36 

.32!. 39  .35  .31 

5 

.37 

.31 

.27 

35  .30  .20 

6 

.33 

.27 

.23  .  31  .26  .  23 

7 

.29 

24 

.20 

2S  23  .20 

See  discussion  of  dif- 

8 

.26 

.21 

.18 

.25  20  .17, 

fusing  ceilings  on 

9 

.23 

19 

.15 

23  .18  .15 

page  9-18. 

.21 

.17 

.13 

21  .16  .13 

39 

1 

71 

.68 

.66 

67  .66  .65 

65 

.64 

.62’ 

2 

.63 

.60 

.57 

.61  .58  .  55:. 59 

.56 

.54 

3 

.57 

.53 

.49  .55  .52  .48 

54 

.50 

.47 

4 

.52 

.47 

.43 

.50  .45  .42 

48 

.44 

.42 

5 

.46 

.41 

.37 

.44  .40  .37 

.43 

.40 

.36 

1 

6 

.42 

.37 

.33  .41  36  .32 

.40 

.35 

.32 

j 

7 

.38 

.32 

29  .37  .31  .28 

36 

.31 

.28 

| 

See  discussion  of 

8 

.34 

.28 

.25  3.3  2S  .25 

32 

.28 

.25! 

i 

prismatic  ceilings 

9 

.30 

.25 

.22  30  .  25  .  2! 

29 

.25 

.21 

1 

on  page  9-18. 

10 

i 

.27 

.23 

.19!  27  .  22  .l'» 

26 

.22 

.19 

40 

| 

j 

i 

1 

j 

1 

i 

1 

j  .51  .49  .48' 

.47 

.46 

.45 

■ 

.46  .44  .42 

.43 

.42 

,4C 

■ 

.42  .39  .37 

.39 

.38 

.36 

1 

1.38  .  35  .  331 

.36 

.34 

.32 

8 

1 .35  .32  .29 

.33 

.31 

.29 

■ 

1.32  .  29  .  26 

.30 

.28 

.26 

■ 

J.29  .  26  .  23 

.28 

.25 

.23 

See  discussion  of 

8 

1.27  .  23  .  21 

.26 

.23 

.21 

louvered  ceilings 

9 

.24  .21  .19 

24 

-.21 

.IS 

on  page  9-20. 

10 

.22  .19  .17 

.22 

.19 

.17 
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Typical  Lumloolro*  and  LuminaSr* 
Maintenance  Category* 


Fluorescent  cove  without  re¬ 
flector.  These  values  apply 
to  coves  employing  a  single 
row  of  fluorescent  lamps.  If 
two  rowe  are  used  multiply 
CU’s  by  0.93.  For  three  rowi 
multiply  by  0.85. 

LDD  Maint.  Category  VI 


Diffusing  plastic  or  glass  at¬ 
tended  area  system 
LDD  Maint.  Category  VI 


Prismatic  plastic  or  glass  at¬ 
tended  area  system 
LDD  Maint.  Category  VI 


Louvered  extended  area,  sys¬ 
tem 

LDD  MaiDt.  Category  II 


*  R»tio  ol  manmum  epacinz  betwatn  lumlnxlra  oaatara  to  meunUo*  (or  «Uiag)  h«l*ht  abort  the  work  plane.  Sea  "Luminaire  Spado*"  oa  past  S-1S. 
h  RCR  —  Room  Cartty  Ratio. 

'/CC  “  Ptr  cent  effective  neilin*  aartty  refleetaaea. 
d  aw  -  Per  oeo*.  wall  reflectaooa. 

•  Sea  paare  »-l*  and  »-17. 


LUMEN  METHOD 


fig.  9-5.  Factor*  for  Effective  Floor  Cavity  Reflectance*  Other  Then  20  Per  Cent 


For  30  per  cent  effective  floor  cavity  reflectance,  multiply  by  appropriate  factor  below. 
For  10  per  cent  effective  floor  cavity  reflectance,  divide  by  appropriate  factor  below. 


Per  Cent  tftedtee  C**nf  Cevty 
Reflectance,  roc 

80 

70 

30 

1 

!  to 

L_ 

Per  Cent  Wo*  Reflectance,  rw 

50 

30 

10 

30 

30 

10 

50 

30 

10 

50 

30 

10 

Room  Cevtty  Retie 

■P% 

1 

1.08 

1.08 

1.07 

1.07 

1  06 

1.00  . 

i  1.06 

1.04 

1.04 

1.01 

1.01 

1.01 

2 

1.07 

-1.08 

1.06 

1.06 

1  05 

1.04 

|  1.04 

1.03 

1.03 

1.01 

1.01 

1.01 

3 

1.06 

1.04 

1.03 

1.05 

i .  u* 

1 .03 

1.03 

1  03 

1.02 

i.Oi 

l.Oi 

i.ci 

4 

1.06 

1.03 

1.02 

1.04 

1.03 

1.02 

1.03 

1.02 

1.02 

1.01 

1.01 

1.00 

5 

1.04 

1.03 

1.02 

1.03 

1.02 

1.02 

1.02 

1.02 

1.01 

1.01 

1.01 

1.00 

6 

1.03 

1.02 

1.01 

1.03 

1  02 

1.01 

1.02 

1.02 

1.01 

1  01 

1.01 

1.00 

7 

1.03 

1.02 

1.01 

1.03 

1  02 

1.01 

1.02 

1.01 

1.01 

1.01 

1.01 

1.00 

8 

1.03 

1.02 

1.01 

1.02 

1  02 

1.01 

1.02 

1.01 

1.01 

1.01 

1.01 

1.00 

9 

1.02 

1.01 

1.01 

1.02 

1.01 

1.01 

1.02 

1.01 

1.01 

1.01 

1.01 

1.00 

10 

1.02 

1.01 

1.01 

1.02 

1.01 

1.01 

1.02 

1.01 

1.01 

1.01 

1.01 

1  00 

> 
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Fig.  9-6.  Lamp  Lumen  Depreciation  (LID) 
(Per  cent  of  initial  lumen*  produced  nt 
70  per  cent  of  life*) 


lamp  OecadpKon 

UO  Factor 

Incandescent 

Generel  service 

to  ISO  W 

91 

250  to  oOO  W 

90 

750  to  1500  W 

86 

Silver  bowl 

230  to  500  W 

75 

Reflector 

R40 

86 

R62  and  R57 

8: 

Projector 

PAR  38  to  64 

84 

Mercury 


H39-22  KB 

175  W 

85 

H39-22  KC/C 

175  W 

83 

H 39-22  KC/W 

175  W  1 

! 

75 

H37-5  KB 

250  W 

H37-5  KC/C 

250  W 

63 

H37-5  KC/W 

250  W 

73 

H33-1  CD 

400  W 

86 

H33-1  GL/C 

400  W 

83 

H33-1  GL/W 

400  W 

74 

H 36-15  GV 

1000  W 

77 

H36-15  GW/C 

1COO  W 

72 

H36-15  GW/W 

1000  W 

61 

! 

p«r  Star* 

PWor«*c«nt 

6 

12 

18 

Instant  start  425  ma 

‘ 

i 

Standard  colors** 

i  88 

87 

85 

Improved-color  types*** 

|  82 

80 

78 

Rapid  start  430  ma 

1 

Standard  colors** 

1  87 

80 

85 

Improved-color  types*** 

i  81 

80 

79 

Rapid  start  800  ma 

I 

Standard  colors** 

!  81 

79 

77 

Rapid  start  1500  ma 

Tubular** 

79 

74 

72 

Others** 

70 

98 

64 

*  Factors  *howe  (T)  trtntm  tor  poupe  ot  tempi at iM|i  conditions  and 
ahould  be  com  pen**  ted  to  reflect  operation*  ta  tba  Arid.  Imprortraenta  to 
lamp  dwea  era  bain#  mad*  m  rapidly  that  It  la  Important,  tor  accuracy,  to 
ceacult  the  manufacturer '«  up-to-date  atatlcttoa  lor  tb*  particular  lamp  too- 
•idcrad. 

'*  Cool  whit*,  nrm  whit*,  wblta,  dayUfht. 

•*•  Deluxe  cool  white  and  deluxe  warm  whit*. 
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too  (LUMINAIRE  DIRT  ORfRECIATION  FACTOR) 


LUMEN  METHOD 


CATEGORY  I 


CATEGORY  II 


"SOF 


cb£lb 


SEMI  DIRECT 

free  lames 

SAKE  LAMES 
STRIP 


SEMI  DIRECT  IF  SURFACE  MOUNTED  ADD  3% 


15%  OR  MOM 
UFUOHT  •  OfIN 

ok  louvered 

LARGE  LOUVER 
1  INCH  OR 
MORE 


I 

5 

in 

■ 

9 

■ 

* 
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■ 

■ 

■ 

s 

Si 
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1 

1 

1 

£ 

3 

$ 
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3 
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• 

| 

1 

i 

1 

SRI 

1 

1 

1 

1 

1 

_ 

L 

I 

i 

8 

S 

I 

8 

1 

— r- 

NOTE 

90*- 

1 

113 

“i 

r~ 

ON 

r~ 

€ 
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1 

1 

1 

1 

CAN  IE  20  -  23% 
LOSS  IF  CEILING 
MOUNTED  AND 

1 

1 

1 

1 

i 

1 

1 

1 

1 

1 

1 

STRAIGHT 
VUTICAI  SiDCS. 

0  3  6  t  13  13  1«  J1  2  27  CO  33  36  39  42  45  41  51  54  57  60 
MONTHS 


CATEGORY  III 

SEMI  DIRECT  If  SURFACE  MOUNTED  ADO  3% 


LESS  THAN  15% 
UPTIGHT*  OPEN 
OR  LOUVERED 
LOUVER  LESS 
THAN  I  INCH 


i 

g 

I 

g 

8 

| 

1 

1 

8 

8 

8 

8 

8 

8 

a 

i 

1 

1 

£ 
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Si 

S 

1 

s 

S 

5 

S 

8 

8 

n 

J 

mV 

1 

1 

1 

1 

i 

8 

g 

5 

3 

g 

S 

8 

8 

8 

1 

1 

1 

1 

1 

8 

1 

1 

i 

8 

a 

8 

8 

8 

so 

1 

1 

1 

1 

8 

1 

1 

1 

8 

8 

8 

ran 

rw* 

1 

CATEGORY  IV 

DIRECT 

Q&'sa  as?0 

^  N  "  --  OPEN  LOUVERED 

LIGHTED  CEILING  LOUVERED 


il 

a 

8 

8 

g 

i 

1 

a 

8 

1 

8 

8 

g 

8 

8 

8 

8 

8 

K 

i 

S 

8 

i 

8 

8 

■ 

■ 

■ 

8 

■ 

i 

■ 

■ 

■ 

■ 

8 

8 

1 

8 

R 

8 

8 

1 

1 

a 

8 

8 

8 

! 

1 

8 

8 

1 

K 

8 

1 

i 

8 

1 

i 

8 

8 

g 

1 

8 

8 

8 

8 

1 

1 

1 

1 

8 

S 

1 

S 

8 

8 

g 

1 

g 

8 

8 

MONTHS 


0  3  6  9  12  13  »  21  24  77  30  33  36  39  42  45  4t  31  54  57  *0 
MONTHS 


CATEGORY  V 


CATEGORY  Vi 


T E3T 


13H  OR  MORE 
URLIGHT 
ADO  5% 


■«.?  t»  g— D~ 


DIRECT 
SEMI  DIRECT 
CNCLOSEO  recessed 
SURFACE  SUSPENDED 


TOTALLY  DIRECT 


PI*.  9-7.  UxHogir*  Dirt  DvprcticHon  f«e»en  (100)  far  »1*  RhaIikiVr  cut»9ori«  (I  *o  VI)  and  for  fN*  d**r**<  of  dkHnm  a*  «Jo*w 
mtmd  from  *llt**f  ft®*.  M  or  9-9. 
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Fig.  9-0.  Fivs  Dagreet  of  Dirt  Conditions 
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Dirty 

Vsry  Dirty 

Generated  Dirt 
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Very  little 

Noticeable  but  not 
heavy 

Accumulates  rap¬ 
idly 

Constant  accumula¬ 
tion 

Ambient  Dirt 

None  (or  none  en¬ 
ters  area) 

Some  (almost 
none  enters) 

Some  enters  area 

Large  amount  en¬ 
ters  area 

Almost  none  ex¬ 
cluded 

Removal  or  Fil¬ 
tration 

Excellent 

Better  than  aver¬ 
age 

Poorer  than  aver¬ 
age 

Only  fans  or  blow¬ 
ers  if  any 

None 

Adhesion 

None 

Slight 

Enough  to  be  visi¬ 
ble  after  some 
months 

High— probably 
due  to  oil,  hu¬ 
midity,  or  static 

High 

Examples 

1 

High  grade  offices, 
not  near  produc¬ 
tion;  laborato¬ 
ries  ;  clean  rooms 

1 

Offices  >n  olJer 
buildings  or  near 
production;  light 
assembly;  in¬ 
spection 

Mill  offices;  paper 
processing;  light 
machining 

Heat  treating; 
high  speed  print¬ 
ing;  rubber  proc¬ 
essing 

Similar  to  Dirty 
but  luminaires 
within  immediate 
area  of  contam¬ 
ination 
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Rg.  9-34.  Wall  and  Calling  Cavity  Luminance  Coefficient*  for  Variou*  Luminaire  Diitributkxw 
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Pig.  9-34.  Continued 
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Fig.  9-34.  Caniwoad 
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OFFICES  AND  SCH OOtS 


Both  maximum  and  average  luminances  are  sig 
nificant  factors  in  the  control  of  direct  glare,  by 
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OFFICES 


ftf.  H-2.  Th*  direct  amt  r>*icti<  *W»  win  mrt  gtmrtHy  dttbitd 
M  by  4i*  sfeav*  4l«tn>”>-  Nat*  *•*  fhar*  b  n»  nbary  On*  of 

*»«Mjttrtto«  botvMoo  *•#•  MOO*  «f  43  dcffoot. 


Average  luminance*  are  recognised  as  being  the 
more  pertinent.  Luminaire  luminance  data  and  the 
ratio*  of  maximum  to  average  luminance  should  be 
provided  for  angles  of  45,  55,  65,  75,  and  85  degrees 
from  nadir;  and,  in  the  case  of  luminaires  with 
asymmetric  distribution,  they  should  be  provided 
for  both  crosswise  and  lengthwise  viewing. 

Maximum  Iviminsnce  of  luminaires  should  be  the 
brightest  squary-inch  at  the  specified  angles  as 
measured  in  the  laboratory  using  IES-approved  in¬ 
struments  and  procedures  (see  Section  4). 

Average  luminances  of  luminaires  are  obtained 
by  dividing  the  c&ndlepowev  at  each  specified  angle 
by  the  projected  area  (in  square  inches)  of  all  lumi¬ 
naire  elements  contributing  to  that  candlepower. 
The  result  (cd/in*)  may  be  converted  to  footlam- 
berta  by  multiplying  by  46 2  In  computing  average 
luminance,  air  space  containing  no  tight-generating 
or  controlling  elements  should  not  be  included  as  a 
part  of  the  area.  Opaque  aide  panel?  may .  however, 
be  included  as  part  of  the  projected  ares,  if  at  least 
15  per  cent  of  the  total  output  is  in  the  110  ?q  140- 
dcgrec  zone  and  if  the  side  panes  has  high  reflect¬ 
ance.  Opaque  end  panels  should  cot  be  included  u 
projected  area. 

In  determining  the  average  luminance  of  lumi¬ 


naires  to  be  mounted  6  inches  or  less  from  the  top 
of  the  luminaire  to  the  ceiling  and  which  deliver  25 
per  cent  or  more  of  their  output  in  the  90  to  180- 
degree  zone  when  pendant  mounted,  candlepower 
data  should  be  obtained  with  the  luminaire  mounted 
on  a  simulated  ceiling  board  with  a  reflectance  of  80 
~  3  per  cent  (see  “IES  Approved  Method  for  Photo¬ 
metric  Testing  of  Indoor  Fluorescent  Luminaires”*). 
The  luminaire  should  be  mounted  on  this  board  at 
the  proposed  mounting  distance.  The  board  should 
be  included  in  the  projected  area  as  shown  in  Fig. 
11-3. 

Although  luminance  is  only  one  of  the  factors 
that  may  cause  direct  glare,  it  is  ponibie  to  use 
luminance  as  the  only  criterion  by  assuming  a  rep¬ 
resentative  set  of  conditions  that  adequately  recog¬ 
nize  the  other  factors.  Thus,  in  Fig.  11-4,  the  influ¬ 
ence  of  the  number  of  luminaires  and  their  position 
in  the  field  of  view  have  been  taken  into  account 
by  assuming  a  specific  room  size  and  a  typical  in¬ 
stallation  of  luminaires  required  to  maintain  a 
representative  illumination  level.  It  was  further 
assumed  that  room  surfaces  had  recommended  re¬ 
flectances  to  provide  good  environmental  luminance 
relationships.  The  luminaire  luminance  limitations 
recommended  in  Fig.  11-4  are  based  on  30  to  100 
footcandie  installations  in  a  100  by  100-foot  room 
having  recommended  ceiling  and  wall  reflectances. 
The  range  in  illumination  levels  is  possible  because 
the  increase  in  adaptation  level  compensates  for  the 
larger  number  of  luminaires  required  to  provide  the 
higher  levels.  Present  knowledge  does  not  permit 
extension  of  the  recommendation  beyond  100  foot- 
candles,  but  it  is  obvious  that  iuminaires  having 
luminances  that  do  not  exceed  the  recommended 
values  will  be  more  suitable  at  all  levels  than  those 
which  have  higher  luminance. 

Fig.  ,1 1—4  provides  a  means  of  determining  the 
suitability  of  fluorescent  luminaire  average  and 
maximum  luminance  distributions  from  the  stand¬ 
point  of  preventing  discomfort  from  direct  glare  for 
the  conditions  stated  in  the  preceding  paragraph. 
in  small  rooms  where  luminaire  luminances  at  the 

•  To  be  pu!ihfch*f 


**■  ,*"S'  «'*<*'*  ***  t>  totorfottog  arte  tor  orrrag*  hotbamt  cotatoHww.  (a)  for  a*  movrMnt  txctpt  dot*  to 

***  *****  *****’«-  (W  don  to  *>»  »e**<**s.  Cnmwit  pro^tdtd  or  to  k  «m  k*m<  *m  profretod  wl4*i.  tnrfwfa*  pco^odtd 

atom  h  A*  wSC*  A*  (t*a  Sown  A*  tongSi  Hhwi  cot  t. 
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*Tkn*  Uaat  Ua  ralaa  •(  U«  Mpat  llalUac  llaa.  ta  faailfbaita. 

**If  !a*la*J?a  It  ta  b*  taaipat  with  Uxyt  af  a  illiml  laaaa  aah 
ft  thta  rayartat  aWra.  a  taw  footlaaibart  Data  Obatk  abaali  ha 
aa4a  aalaf  tka  m>am  laap’a  hitaaa  ratluf.  Aim,  it  lutaaira  la 
ta  hi  aaeaatct  le  a  aeaUiaa  oUar  Uia  rapartat  ibnt  (a#..  If  malt  kaa 
ha  aariaaa  Batata <),  a  atw  foetiaabart  D«ta  Chaafe  at  at  it  ha  aa4a  w 


luminaire  as  Lamptd  and  gfl|| 

baa  phataaiatara4  far  ateattalaa  ataaaUac  arar  aU  La  that.  Vat  it  te 
la|  t  M  rayart  fat  that  ataaaUaf  eaatMa* **. 


omces 


higher  angles  will  riot  be  within  the  field  of  view, 
the  limitations  at  those  angiea  may  be  disregarded. 
The  highest  significant  angle  should  be  determined 
by  a  cross-section  sketch,  with  an  occupant  seated 
(eye  level  4  feet  above  floor)  at  one  end  of  the 
room,  viewing  the  most  remote  luminaire  at  its  pro- 
[yjsed  mounting  height  and  location.  See  Fig.  11-5. 

Preliminary  results  from  research  indicate  that 
within  the  tone  from  0  to  45  degrees  from  the  line 
of  sigh*-  in  either  a  horizontal  or  vertical  plane,  the 
discomfort  effect  from  the  luminance  of  a  large 
luminous  area  is  relatively  independent  of  its  posi¬ 
tion  in  the  field  of  view.  Thus,  similar  luminance 
limitations  can  be  applied  to  over-all  ceiling  light¬ 
ing  systems  and  to  large  window  areas  in  the  walls 
if  they  are  apt  to  be  viewed  directly.  Until  the  re¬ 
search  is  completed,  it  is  suggested  that  the  lumi¬ 
nance  of  such  large  luminous  areas  should  probably 
be  well  below  the  250  footlambert  uniform  lumi¬ 
nance  limit  of  Fig.  11-4. 


wSMh  Dm  rate  of  angle  a  can  be  teen  by  tie  o tatpoM.  The  hmlnercei 
Km  mw  of  fi  wg  ret  he  teen  m4  Ihereftne  leey  he  rfhre- 
gerSeS  In  evefc*M*t  taeKwwe  fceheWen*. 
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LIGHTING  CALCULATIONS 


FJf.fr-27.  Brightness  Factors 
A.  Fob  Indirect  and  Luminous  Ceiling  Ststxus 


Tc  obtain  average  brightness  on  walls,  ceilings  or  floor  multiply  average  work  plane 
illumination  by  appropriate  factor. 
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9-ZI,  Continued 

B.  Fo*  Uniformly  Dimrai*ta  Luuinaiuzs 
To  obUin  average  brightness  on  walls,  ceilings  or  floor  multiply  average  work  plane 
illumination  by  appropriate  factor. 
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LIGHTING  CALCULATIONS 

Fig.  9-27.  Continued 
C.  For  Direct  Luminaires 


To  obtain  average  brightness  on  walls,  ceilings  or  floor  multiply  average  work  plane 
illumination  by  appropriate  factor. 
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APPENDIX  B 


OTHER  COMPONENTS  CONSIDERED  FOR  ML-1A  CONTROL  CAB 


Other  lighting  components  considered  for  the  ML  -  iA  control  cab  lighting 
system  are  listed  below,  with  component  functions  and  reasons  why  they  were  unsuita¬ 
ble  for  this  specific  application. 

Component  Function  Why  Unsuited 

1.  Luxtrol  type  WBD-200  Dimmer  control  5-40  watt  lamps  are  maximum 

load. 

2.  Luxtrol  type  WBD -4 50  Dimmer  control  Physical  size  too  large  for 

allowable  mounting  space  in 
console . 

3.  General  Electric  DS3000  Dimmer  control  Maximum  light  output  is  50%  of 

rated  for  an  undimmed  system’s 
capability;  GE  DS5000  system 
provides  approximately  100% 
of  rated  light  output. 

Maximum  recess  depth  for 
luminaire  is  1  1/4  inches. 

Lamp  removal  is  not  possible 
if  the  luminaire  is  recessed 
more  than  the  above  value. 

Luminaire  for  Not  compatible  with  workspace; 

aisle  area  i.e.,  highest  chassis  in  equip¬ 

ment  racks  could  not  be  pulled 
out,  and  exposed  ends  of 
luminaire  would  be  hazardous 
to  movement  of  personnel. 

6.  Slimline  lamps  Lighting  system  Cannot  be  dimmed  and  are  not 

lamps  compatible  with  workspace, 

i.e.,  interfere  with  escape 
hatch . 


5.  Guth  Company  Cove 
type  PSG6281 


4.  Smithcraft  Dominaire  Luminaires  for 

series  DMP/OMA  aisle  and  operator 

areas . 
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APPENDIX  C 


LUMINAIRE  TECHNICAL  DATA 


SPECIFICATIONS 


SCOPE:  Shallow  (3 '/V'  depth)  direct  type  luminaires  for 
surface  mounting  To  be  suitable  for  end-to-end,  side-by- 
side,  or  pattern  installation  arrangements  Fixtures  avail¬ 
able  in  sues  for  two,  four,  six,  ord  eight  F40  and  two 
and  four  F20T12  lamps 

ENCLOSURES:  WAFFLETEX  clear  clastic  enclosures  pro¬ 
vide  low-brightness  louvenng  combined  with  prisms  to 
optically  control  the  illumination  and  reduce  brightness. 
Panels  consist  of  a  grid  pattern  of  %"  square  louvers 
covered  by  the  prismatic  panel,  molded  in  one  piece. 
Supplied  in  2'  x  2',  2'  x  4'  and  1'  x  4'  panels 
CONSTRUCTION:  Fixture  body  to  be  3*/4"  deep  Sizes 
approximately  2'  x  2',  2'  x  4',  2 '  x  8',  4'  x  4',  1 9  x  4',  1 '  x  8'. 
Bockpiate  of  body  to  be  recessed  V'  for  minimum  fixture 
conroct  with  ceiling  and  maximum  heat  dissipation.  Steel 
wiring  cover  shall  conceal  all  wiring  and  ballasts  and  pro¬ 


vide  a  cover  for  central  feed  into  fixture.  Knockouts  to  be 
located  in  ends  and  sides.  All  enclosures  to  be  mounted 
in  metal  frames  equipped  with  separable  hinges  and 
stainless  steel  spring-actuated  trigger-latches 

WIRING:  Ballasts  for  430-MA  F40  lamps  and  Trigger- 
Start  type  390-MA  for  F20T12  lamps  to  be  individually 
protected  and  all  electrical  components  to  be  replaceable 
without  disturbing  fixture  in  ceiling  To  be  Ul  listed  and 
carry  Union  wiring  and  fabrication  labels 

FINISH:  All  steel  surfaces  shall  be  pre-treated  by  o  pro¬ 
tective  coating  of  zinc  phospnote,  applied  in  a  five  stage 
process.  Final  finish  shall  be  Hot-Bonded  baked  white 
enamel. 

INSTALLATION:  Mounted  direct  to  ceiling  Mounting 
straps  to  be  included  for  attachment  of  fixture  to  ceiling, 
singly,  in  rows  or  in  patterns 


Unit 

Catalog  No 

Description 

Body 

Approx 

Body 

ond  lamps 

Dimensions 

Spg  Wt 

■u 

1  x  42 

1  x48H"  <  3V." 

34  lb* 

m 

t  iH 

739- 

Two  R^^fandem,  4  foot  Rapid- Start  Unit 

1 1  ’V.,"  X  9 7 Vi*"  X  3  Vi" 

67  lb* 

mm 

2x22 

■ 

L|^n.omp  2-foot  Tr;gger*$tart  Unit 

30  lb* 

eai 

2x24 

Ev 

^Tou.-lomp,  2-fool  Tr.gger-Start  Unit 

35  lb* 

HI 

mrzvM 

KP2i 

Two-lamp,  4-fcot  Ropid-Start  Unit 

mmismm 

Bn 

MBIW 

Four-lomp,  4-foot  Rapid  Stort  Unit 

IE « 

mnia 

Two-Row  Tondem,  4-foot  Ropsd-Sto-t  Unit 

23*4"  x  97Vi*"  x  3  Vi" 

HI 

2  x  18 

789-P 

Four-Row  Tandem,  4-foot  Rapid  Stort  Unit 

23  V."  x  97V.."  *3  Vi" 

■■ 

4  x  4 

4x44 

789D-? 

Four  Lamp,  4-foot  Rapid-Start  Unit 

US  E 1 B  ’ 

ir-jffrrm 

4x4 

4x46 

7890-P 

Stx-lomp,  4-foot  Rop»d-Stort  Unit 

HtisH 

4x4 

4  x  48 

7890-P 

Eight-lomp,  4-foot  Ropid-Stort  Unit 

!  ZZ  l 

mmzm m 

•  two 
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RECESSED  SACK  KATE 
ASSURES  SNUG  CONTACT 
TO  AU.  CEILINGS - ■ - 


-  CEILING  MOUNTING  STRAPS  SPEED 
INSTALLATION .  .  PROVIDE  EASY  ACCURATE 
ALIGNMENT  IN  ROWS  OR  PATTERNS 
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OPERATION  " - . -  / 


§OOY  DIMENSIONS  AND  LOCATION 
Of  CBUNO  MOUNTING  STRAPS 
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50  ‘OOTCanOUS 
2  l AM?  2  LAMP  T  4  l AM? 

UNITS  CONTINUOUS  UNITS 

5«8  ’  9  fi  "  7.10 

~  7 .  >  r?T.  o',  i o 

6  «  9  *  ’  4  ft  T  10  «  !0~ 


r  x  4*  DAYIUMF  FIXTURE  SPACING,  430-MA  RAPID-START 

70  *OOKANDlES  "  »00  FOOTCanOIES 

2  IAMP  2  I  AMP  T  4  lAAAp  2  LAMP  ’  i  IAMP  *  4  {.AMP 

UNITS  CONTINUOUS  units  CONTINUOUS  UNITS  CONTINUE 

'* _ 7  ft _ *  7  A  7  5  ft  * _ 6_*  o  * _ 9<t 

6*6  9H  7  i  9  6  ft  6*7  II  ’ft 


100 

footcanoies 

>  5C  f  C 

2  DO  F  C 

4  iAM? 

2  LAMP 

4  IAMP 

4  {.AMP 

4  i AMP 

4  LAMP 

UNITS 

^CONTINUOUS 

UNITS 

^  CONTINUOUS 

CONTINUOUS 

CONTINUOUS 

7  *  7 

5  ft  ’ 

6  »  O 

9  ft 

6  ft 

4  ti 

7  .  9 

6  ft 

~6~>~  7 

1  1  ft 

7  ft 

~~~  Tu 

7  «  i0 

1  7  ft  6  ■  8 

»2f* 

~  8  ft 

6  tt 

NOTE  y«d»f  no  shoved  tDO(>Agt  MCttd  SPACING  MOUNTING  RATOS  %*X>wn  btio* 
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